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J 

ttHi] 7 7'OK&7 ; -^£xtfy hoT^/t* 

V h U=X/p : p*12£U:Cr>Ba) T*5775^^ 

« *?£#^*7 ? y>3L y 7 r -f^BB*8 
•tn-eftfWfcr^-feX olffife p »<D7 9 v y 

* * «TE7 5 y / * U 3*?S0 1 «fc**£#tt*5B 

mm t **rrzT-*5m$8t±+ 

RtcjfcCT* Hr©^l^lX»2<0*fiB&^'5J:5tt 
E7^*^^a£*W**fc*Wa£, 

£*A*c££^£r*75^>:i;**y77-f;vE 20 
*av. 

t»^2] MfBf8W#aHU t«E7^^V3./^U* 
^©ft^fi^&^^yxU7(*3lctta>i^77-f^ 

©y-^MMELfc^j:^ a*E:?*-*3«#a*MfP 

77-f;i*ttJS«. 

P flOEfc^am&CDT*-* fc*J UT^ES! 2 <Z>«*£ 

c: t z ftmtrzmxm 1 sfcra 2 e*<d 77^>^ 
*y77-f;vE«sa. 

1 3: £ 2 £« 0 7 5 ? 5/ a. * * U 7 7 -f MEtt^ff. 
ms&Wtt* 7?yV***y*E1tIW*a:bfc77'f 

^Ett^st. tt7r^;w3«^ao75^^>t ; Ey 
fcxau twa«t>*«35E«yi^attt7T'f;PE««» 

£^tbfc77y^a.**y77^Ett£R£fc* 

<;i^iB«w»^gtt7 7^^'->©iaisw^3s^7 » 
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«f?$#±-r*ttte«ru ttE77-f*fitt»»#a 

«WE7 r-f ^ttmPa^x-**?? h***W2* 

^g^a^b-cttas-*, -mmm?-***-* 

7^y^>^y«lCJ:r)OT377-f^Ett¥aS*^ 

U -en-Fti<o^^y»ic^-r>->^;^«^=£«ft 

xttr(oa^n^^^y»(D«^«e5c:^tu - 
b n&7 r>f fr&s&i? * z t ir<t q mm&m» 

K7 7-f ^©^©T^-^tfttt^nTV^^ * y 

4¥&^oEtix y 7**#-ra c * t-r^aw 

S 7 7 -f ^M©EttS*mtt t ^ L < 

f!rE*&*B3S£SW*7 r < ^ -feX * S^T ^ W©E 

*^5«^fC». d(rEtt»07^ 5 ri/a^ ; 6y?IH 1 C!)ltt 

a^ttcrtfc. ^ct«<E«««¥tt^»*nTv^ 
%a»*ttH©»«$E*-r*a«««E*^a*«it 

sm^a^nws^^ey^fc^iriT, 
fiW^^y/^y^-5;^±^^y^y^5^^Affl* 
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4 



[0005] 



> F8£#&«**> v> FK^^a^fi^ic [ o o o 6) ¥3*fcE«*TPtt, Ens-rax 

ritrcAW^x-^^oft^tDJSHFfcttfio^^y^ ^KBtsfro. »tt&EfiWH^©T#ttfc»afc5? 

CO 001) [00071 ¥S^**TSEtM*#£-r I 

S. [0 0 0 8] 

[fcfcO&ft] K-Vi-)V3>V=L-*t;1&ibt?Z* >*y77^Btt£m*, 77'f;K07*-*$Xlfy 

©«Sfcrt»**lT^S<D*fr-«ft5T*D. i-lfttfc ^-fcXfftfx tfy h (x=X/p : ptt2£U:©S» 
[0 0 0 3] 1&ETkt /-HMX^/V-Ahy^ # m&v&oy7yi'***t)m : m\Z&r)m&V1t77 

*. coit&mm\zm<max*tit±^iB%T4ztr ^A^D^&n^peoxe? h7~*&a*E77 

B«*«©*»*>0fc*«»ftB««#i:L&7r-f * S'a.^y *^»(D 1 1 Ofcffifc* 

ttSfiW&BifcJStfTVi*. WAtf, fc«¥2-2 9 2 irBp«(0x h5^£*n*nt&E7?y ->:a.;* 

7 9 8*t£«fctt, WmM»t\,T759i'a.**» £ ^y 3^*<OJW«COlifcjtt|&f#ft*5l2(D«Bi:$WT 

*• tfa^EttSMlfccDStKJfcCT, atB»l«^C«2 

[0 0 04] 79^>a«'Ji:lt *5WW&*pJ« <D * -5 MB5^#B^afcfl»T**!W 

1t&* mmfryr-ffr&toSmo&tomfrhhT&h* [0 0 0 9] 

o^^y^ffiffltT77-f;VB»«tt^iiigr*»rrra &m$.T<fX>?&mrt& T-*y9±Xifin~y?)\r 

j*=Eyo*aAfc^^^t^77x-Xfc:^^$« *8<D/*x±TfrfrftTtr><&. 4y*#£E*«frfcLfc« 

*ft®#&ft£SB*LT»&. *Xh£ft*« *fctt-CPUflD»#fc»IM-»Ci:*Tf»*fc*, Mi 
R-T&3C££^LT*9* ffi&T^X^Sltfctt 55 [0 0 10] l^Lfc#&C<W©HH&£bT, CP 



*7x-X/XX£«#U «»^A^^fft<03>/1 



FH 008680 




(4) 

5 

7£irX<D/tX«tfSfc*i:V>5£**;fe*. DRAMfc 
£T ft £ CO AX 4fl®it V> S^tUfy 

SI«loT*D, */hCOm*¥&tt«ittf 5 1 2 

f^ft) /t-f ht^rt«5. CtlTWU iffcfctt* 

VXSZLtKteZ. JO 
[0 0 11] /t-y^3>Ka— 

7-f Jt*sttc<0 5 1 2/w hJUfts-KSJO u-fc^ 
(ttT, 774JMnW4k&**>5) £S3tr*;:i:tt 
•fe^^or^-fe^fc^TWAwr^^^^jL^^u 4^ 

-fef * ©4 »<0&*£P3#fciH*i-* C £#iB3f Kfc 
*. c<D<fc5fc3r»£att*£a&£, WUfCPU#3 # 

l^y^5£4@JS^7^-feXLTCPU03 2tfy 

h/tx^jw*<s»*i**. 

[0 0 12] 41^*£U©aStt7*-feXff*fc 

*s®3 2 tr v h*m*T?i>A?&**>tzVT*>mm 

2ty hToi 60fc»»T»*aOi:, 
2 8 (1 6x 8) /t< h^ttf*. X\zm2±92<D 30 
5 1 2 /t-f h 3 2 y h*f O 1 6[3K:$WT»£fctr. 
BUT, pMtfc, £31r^<D5 1 2/t-fh£* 
3$4-fe^(D5 1 2/t-f h £CD8j&T> 4 

sctfcM, Ufcflt^T, c®7:r-f*®ft«9&l* 

[0 0 13J CO*3fctf, 77-f/H&4-fc^*0 
^4 5 t y^3ft^7^-feX^»ST. a*04*??C 

[0 0 14J 3-fc^a^fcSSfcW:, CPU©3 2tf 
y h^3TfflO«n^li©T. 2-fe^£l-fe^fc# 

2W^«)7rfm^ CPU*6<03 2tTy 
h©r-^S2»»U -£fcl 6tfy K^=>2^?7 
KB#7£irXfS. mi*t>r*<OS 1 2/t-f htt, 1 

^y^K:2 5 6 (3 2X8) /t-f hTofc^ftt^Ci: 
fcfc*. 5&2-fe^*CD5 1 2 /t-f h#MR&l 6 SO 
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hTr>3 2gnc#»rc 2^7fc»€»*n*. 

[0 0 16] l-fe^StofcSfr. **^ttta8d^&l 
^*©77-f/KD*^ GPU^6©3 2tfyh<D7 f 

X**. 1*£^CD5 1 2/t<Hi6 4 0£#ttT£G> 
*v!/miE^xU7fc«*S«l*.. 
[0 0 17] *tt7£-fexr 

-tab*. »rn®ttM#&fc**>Tt. i 

[0 0 18] fc*. *»frrtt v 75y^3.>l^U*H 

©««V^CtirJ:D, ttSKCPU 
T**. l^»*A;&©*$CPUtt^BTttHfttt 
flA«^ft<D^©/t-V^3>tf3.-^K: 
»*SnTV^CPUtUTJRt>-«»^INTELa 
Ol 6tfy hffiSEU©CPUfctt±T«ASnTl> 
*. C©^5^£^£*y-h*r*£fcK£DCPUtt 
&3^f^*£#jI:**S&8&. 7^X5 i -^CDH*ffl 

-@<0«raiC*^*x-^«*tCPUt77^->3.^^ 

[0 0 19] 7 7-f/Wa±-«*R^^^7T5lofct> 
77-f;^>X^Att7r>f^*itTU^7^-feXSnft 

3»97 ^ -fex *rn«»#a^* *©7 7 ^©5=- 

[00 2 0] £t±(0«i;^fc:, *^93»CJ:ntf7^v^a 
^^U^fittOftt-r^77'f^£«««=6»*Lfefll 
«S5S^Sfc^ViT. «A^X^8IBi:it«LT«ft 
ffe0ft*^Vi7^-feXttfiBfc*V^T, **JH©tt«£3l£ 
ffl^^^^^X^A^O^ffltW^^, HHDBIC^X 
xi.(D C P UfcXaT S W?^ iE^tCJ: OattHCC PUS 

-^/txet75^S/3.^qEU 1^^^7^-feXT 2 - 
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[0 0 2 1] tffcr^-feXfcflWta-- tffcB»3*l*T 
[0 0 2 3] ^tyjKfOtfcx-^^fiiffii 

ba*;:*:*:*^ mmmtovmto* T-prnmomm 

[0024] 

Bfcrarrs. 

[002 5] *f\ 01iC«tp»^t-y±/V3>tTa 

&3I£1S|*CPUT*9. ^Ov=-^/lX«tt3 2t;y 
hT»**>(Dfr*. 2«e'X5^£fl^J8^Dy£ 
£»£-r*5my5r»££T**. 3tt*>X5\kf*gfte> 

/tx-c^-^vtx, rnwx/tx* >itya7>F, i 

?y^7^tXf-^tfy hftti8 hTWtt 30 

w®»9£^£Bi o^ttsnw*. £©®<z)« 
a i o£B£ lt. b@sb 1 1 **g*«B£tt£B 

[oo26] a*, mm i o/?xbbb» 8 

tt*©*o^©«»lca^T»^*, L£*Ui$B 
flSCOfcftfcrtfflJ'XT-AAXatCiaS^tttT* CPU 49 

xaax 3 c^n^@e$^$^^i&t:c p u 
u cpuic4ii&ns^n^^t^<[g-Tr*^ 

[0 0 2 7] 14tt> CPUlCA*3n*V5V«B 
-tmmB&l 5Tt*£UTCPUlfcA£3n<5. 16 
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A*Bfl0MB@BT&9, 1 7«Art£«Ti&-5. 0 
TttATjSBl 7*+-*-HiU ^eo«fng»l 6 
tt+-#-|*3>M3-9 (KB DC) fcl/Ct>*. 
[0 0 2 8] » 1 0->A^A<D»^K?W^. 

BfteBffBfcL «8##SA:*>i5B17fc,fcDffi^S 

?a*x-*«cpui#«*&3U 

&B 1 0 ^fcj&BTantfBBBfi 1U 

fiftLfcD* *$**&E1ft£»l 2a^1t-^^) 

0 £ H 3 BfetDBfctt? r -f JWMftBB 4t77V*>a 

5)5»s^7^y*>3.^^U7r<;v«B«lW 

^ASa-Kfacfcfcfea. Jin&Oft^OBt 
fc* £n?£»±g2#5&±-r*£ny#l 3C<fcDH 

bba*u »*i§tt#cpuifc#a£3R*T*^# , 

£C&&. *«>BB#l'7V«!ffBBl 5KCPim« 1 
£B#U W5^n»i4(D*y-hK:j;r)CPUifc: ; 

-tn#£Asn*. cpuittw^«^i4xwar j 

T<MtMEWk* FiC PU 1 fcK#Sn*7 yfMktZ 
k 0 C P UBaMteWf SfHBfcfrA* J; 3 tcfco 

[0 0 2 9] B2& U+jif3L**:*)7y'(n&'m<D 
teWb&Z&WtZWXb*. B*. 3, 4, 5, 13 
ttBlt^B©%cr)T*D. JKTtt7r^^«»S»4 
ABOBABBTftft. 2 1HU ->XxA/tX 3 fr* > 

fP®»4 «!>tKB£C PU 1 fcfafcf -SfctfKDX^-^X 
P5>X*, 2 3tt7^i:X**X$'-M^*#^<D« 
£PS?X5\ 2 4ttTi7-bX-rSBftCD-fe^^##ti0B 
SI^X*. 2 5ttCPUl^S#TS5!l31fe3T>F 
r3-HtbT}t^"r*3T>FV^X^ 2 6«->Xf 

a/xx to^-^oaatfr^stft-ST^^ i^x* 

Tfc*. 2 7WU 7r>f;P*IB©B4rtB(D$!HBH£ttJg 

u 9 v apjb^ >x «j s>x > hft l s i tfiJssfcnr* 

2 8ttEttBfl;T**7^y5/aL^ ; e>J50«!»S 
fx5$W@!k 2 9tt75^^i^ ; EyfcBfr^*^ 

sott^^UiDr^-fex^aic^fciexoDMA 
fcA^^ns. 3mi/^«»igaai 5fcffl*r*tt 

5BB^B#. 3 2J±21<r>77^Vat^^y7r^;P*B 
rt<0a-*^nx. SStt^^yi'a.^^U&T^-feX 

[0 0 3 0] *fcB2<D75ve/a.^^>j77-f;V«B 
©Bf^€B?9"r<5. CFUitt79yS/A>l%U77^ 

fr&m^ortrtxo&B&tfiQiVitz. s^xxAnx 

3iaLT7^^X*fr5. ^nklttSfXr— ^XW 
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BT*. ^LT^f^^X-ra-k^fcX^-h-fe* 
* US>X* 2 3 tX> H-fe** W>>X* 2 4 tCRfc-T 

LT??0tt7 i -*Xl^X*2 2£«^U 7?-fcX 

Rj«T»n«7 : -^U'^x^2 e^®^-*©*^* 

[003 1] ceo», n>bn-52 7»i:n&-f 
7x-XWv>X*2lCC>tfl£fTV^ CPUl^^Og J0 

*tc£A*J;5fc*r*. o£DX*-H^*W>x* 
2 3*>X^F-fcf ^1/5>X*2 4. 3V>Hl^X*2 

au aft<o«fift^r3-H*x5 i -^xw^x^2 

2 fc#S&A/C C P U 1 

[0032] 3>hn-^2 7M:CPUlJ&>&(07£-k 
XSI^fc^-S^CD^^yVa^^UT^-feX^SS 

ft5tzimftmmimKztimz$n*<!>~t:* dm a 
«W®»3 0t:<fcD»«ir77y^^yT^-kx& 

ffK i/XT-A/tXStO^^cDRSSff^^tL, 20 

tv>*. -eo^aboDMAffif^iHi^ao^^ywwig 

K2 8^©7^XI^©«te*DMA<Dje»fc££:i 
> h ? 2 7 #fr5 d t fcfc*. 
[0 0 3 3] DMAVm®&B O&DMA&ff SfttiXO 

■1-2 8tt*CD*-f 3>^fcl*V>7^-feX®*t«ft£-r 

^$5»©»2 9t^-^Ofiia^ffd. f'-j'MPBtt 
2 9ttT^-kXCD-b^^»ei6:CTx-^©^*ff 

[0 0 3 4] 1 -k^^O^-f h7£-kXTN&*i 

fcf->x ^A/t X 3 5 <o 1 ej© 7 £ irX iz & X> m £ ft* 
5*"-;* * 7 5 y ->jl ;* * U © 1 :/©#^fc^ tT ? h 

^/tX«« 3 2 £y h t UT^5fc86 1 ®<07^'kXfc 
£*tg&T3 2fcfyh©7 r -*jWSft*. -tUT77 

<^)Taen&7=-^S4BK:»trc7^y>jL^ij 5 

U-H7^-kX-C*nH:. 7fyS/a«U5ft4B!i 
-F7^-feXbT3 2Hy hT^^SffiStUT, 1@© 
/tXK&i:*r*. £©»fc£T*5'X7\fc>nX3©#5 
^fWKtx-^«W©K2 9#3£**1*ffil£iMI*t3 1 

&**cpu i ^©^a^rscs^*. 

[0 0 3 5] — *jft^^^C!)7^-feX<0*^tt, ^ 

x*wafcUTiE^fT-rs. «jt«4-k^^a>a«u 

-KT^-kXT^ntf, 8lfyhr^-irX«)75y>^ 50 
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**U5*4**:/lWfctf-HT*i:fcfcJ:D32K 
? h©x-*tf£ritt*5fc«>* *>Xxix/tX3©#5l& 

*U 7r<;v««!S«£ft5S'X5\kTt^ 7r^fJV 

So^^ftfcBCfc^Sfcy-^^feX-r*©** 
*ST*0, H^*ftfc**7^x©#5t«^ h£ 

x»a:v^ ^>$o, w^tfis-fe^^oatt^-f fork: 
asi^^tti^y^^irr** tv^r^-fcx 
fciE«ft77-r*5 s -**7*"feXT**, fc*> &© 
tiOr-^l:> x-*fc»#a©tfr«*^l,T*^T 

[0 0 3 6] 6-k^^<D»ttr^-kXlC«LTtt* 41r 

[0 0 3 7] cn&tior^^xm^itXx-^ 

«M*!ft*H 3 fc«fc 0 3 £ W?L<&girr*. 
[0 0 3 8] H3Ttt, ^XxAAX*3 2lf*K 7 

7 y u * 8 if v h cd if v hmt Vftt^omfc 

t)OtH-©'b<0T*S. «rfclC, 4 Itt. DM AMU 
©IS3 0<OTH^X«^cr)fc«>C0*^>^T»D, *>X 

^A^ny^is^x^A/txaoior^x 

*A*U Zt\tzmMlsT* 1 »h7y7T*. 4 2 
tt, n>hD-7 2 7 0D-*JWXX3 23&t^tSf^tl$ 

t]5^€^. 4 3tt» t>ttDD-*^/tX32k:»a3 
n^^^#^l/5>X^T*D* 7^-kX^-k^^# 
#&#€aOCtfcJ;Dffi«<D-k^^#^flDDMAlBa 

*&»il*jt«y«Mm2 8lCAAbT79?^a>t 
^£ U ©±&7 H PX^F ^ ^fe >««4>£jttC WB 
5 tl*. 4 4 "it DMA<Eg^fc^*W0KT^Iftt 

^5. 45tt» jb-i»jr4 l^-k^^^X^4 3<0ilfc 
&ft>Tjt*'JMfiS»2 8#»ft-r«^%>J7 Hl/X 
4 6fct ^ : e»J7HUX4 50«*fc:^feUT 
^dtr^^UIMm^Tft^. 5 1, 5 2. 5 3, 5 
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21 

4«, fc*l/Vf h (8lfyh) Of^^^m 

A/^X3cr>x-^5D0-D3lt*r*^ ^7*5 1 
ttD16M>2 3, 7yf5 4ttD2 4-D3 1 **ft 
m«S£ES&T?*.&, 5 6fct n-#;Wix 3 2 t&t* 

1, 5 2, 5 3, 6 4CD*ft*ftKA2rr*^7^ffi** 
#5 7, 5 8. 5 9, 6 0T*S. 0f*_fcf - 1 
rtltf, 7*;fW5 7, 5 8, 5 9, 6 04^-9 

£4@7£i:xt/r3 2fc5y ^7^£^bT5/x a; 
fMx3icia*n. "2"&«>rrfttf, 77 

?Ht^5 7, 5 8S^fcitiAU ^©a^y^ia^s 

9, eoic^icw^-r^tv^c^^^irfjK 2 

^yy07?7$/a**y#6<&^^£2@"f:?7^ 
-feXUT3 2 tTy h05 £ -**±j£UT3'X7^/tX3 

**: "4 ,, fttt^rti«5y^©^5 7, 

5 8, 5 9, 6 0rc^RlfflAtT, 4*v7<Dy?y 

7 hOx-^ S^ifcbTS'XxA/tX 3 \Ztttf]?Z>. 
[0 0 3 9] v< b72±A<Dm&1!tlZT-f7 30 

7^5 1, 5 2, 5 3, 5 4fcP3B*fc7 7^fS«£S:j 
T>XxA>&>S(D3 2 hx-^fc-AEtC^? 1 ** 

c<h£&*. em, f-^^^Bh 52, 53, 

6 2tt, 7?7*> 
5 tx-^Eigjfte 1 £».S3 2 tf 7 h<07* 
-^tXT**. 6 3tt, ^-*#E@»6 10!)t^ 

*7x-*W>**2 1<D3T>HP^X^2 5fe£*> 

o/i^zfcfc^TfcD, tf-«»7*-*?7^5 1, 5 

2, 5 3, 5 4fcfctt*ft, *>5-1$X&7?v$>zl** 
U 5fc88£ftTV>*. 7^yS/a>Cqey 5«T«32 

-7) (tTy>8-15) (H7M6-23) Of? 
K2 4-3 1) fe^t, #3 2Hy hiUTA*UTVi 
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tO 0 4 0] COx-^G^EK^THl 2, HI 
3, m4fc*DII#»fc»Wr*. cn&<0Btt, 5r 

X*5 6<D3te«3d^l*fct>©T**. -eft^ft. » 
12ttJM*75>-feXir5^ft#l, H13ttJtttT^-fe 
X-fe£*ft#2. H14»»«T^^X-fe^^«bW4, 

4^<oj*^y»fl!>ifiitcT^-feX"r^fc:i:o 4asi<i!) 

S«T^-feX-fe^^ft)^l(D»^K:«4^0i/X^ 

A^^;vTri7^-fexfc«:o, aafcr^-fcx-tr^ft 

3tt7<^Xi:£:*^4<0*£fctt 1 OCD^Xx/*-* 

[0041] 5fettr^x-fe^^St^ico*^t4r>K: 
#»u&**y<o£;:fc7£i:xTsjw:«j;D4«sfc . 

m*>n*ifi* £tt7^X^2Rtf4K*$V>Ttt, I 
^o^^'J»$iB^fc-r^fc:i0^ttD4tt3Sfc^ • 

tO 0 4 2] fcS, igtt^*^l*fctt20y-K 

©7 7^EWfctitti27Ufcv>&8k &1H£;I/T#tt* 
an (hi 2) ©Acoy-Kfc^viTtt, ftmtmko 

tM^VT. ?7^1 -**»J»1, ?y*2-;**»J 
#1, ?7^3-**U3M, ^y^4-^^y»li 

[0 0 4 3] iS5(C^W^RI|*J|Utft^ «jttfl 
MfV?* Kr^-feXT»Hl 2*^»U 3 2lfv 
h©T-^/XX6 2<05^T^-feX^«(D757^>t 

5^77^5 lfc, 2BBTtt5 s -*?7? ; 5 2K, 3@ 
8^5^-^77^5 31^, 4BB-Ctt7^^7 7^5 
4fc, aT5l35^JB»(raD5gLT77y^y^»J 

[0 0 4 4] 2-k^^<07>f K7^^XTtt, -T^b^ 
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^^«2/Hh09-f hT»*U& 013*0 3 2fcT 
V hCDx-£/lX6 2<D3£K£T6 2^<D;* ; e , J#fc 

aaa nxv>* 2 /vr t 1 ®ig>7£H: 
irr * 2 ^0* * u & 1 m a © 7 ^ t^nf-^ 

?y^5 1> 5 2fc, 2EB<D7*-feXTtt5 3* 54 
[0 0 4 5] 4*^07^ h7*-fcX, ffcfct>T- 10 

hO^-^/XXG 2tt*ffl^fc-6>t*U*^6Jefcx 
-^5^SU 52, 53, 54fc&tt3*U 1*M 
^^7^-feXT3 2tTy hOr^-feX^Tr*. U 

[0 0 4 6] £UK0ftfPSfx5fcftfca>fD«-^2 7 

K^b^Wi?X^S8ltC^«^tti£R^UT*<i^5&«* 

[0047] jesafc©fc*^ MftoziK* m&o* 
*imtc|sii9fc7^i:X£fT5*^ #;A*'JP£^it 
*7 F UXtCOV^T, H 5 *£JSLTtt3rr*. 

[0048] asfc^r, 8 1-8 4K, -en^n^ 
*y»i-4fe^uxvi<5. (i) *>*mm<o 
77^©#fc*#frfcnfctta$^u (2) 

tt, fc*77^/Vfc^vc^sn*©77'f 

(m-n) Omtiyy(n*m % nttfc7 7-f ;W*3<ZHl 
**#*rcfc*. WAfct (3-2) 7r-f^#^ # 
3^(02^^**^. £U £<DBfc* £77^* 
(DlSUo-fe^fctfLT. <!:<0^^'JP©xy7 (1 

[0 0 4 9] B 5 <1) fc*5V>T* 77^*^1 (1 
-ntttt<t\TteZ±X<D±99) (07^"feXfc*V> 4? 
T, 1 - 1 5 1 - 4 £T<D!i^7?i:XfcfcVvcfck 

7Fl"X£*A*C£#T*S. L^U '7r-fW» 
2K*Wrtt, 2-ljO*&2-4*T£PTO7*izXtt 

**M£ft*.-a?T. cnsattsfcatitt. 77-r 

^#^2 07^-feXfc^T«, 2- lfl¥aT7^-fe 50 
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[0 0 5 0] H9fct ^^<J«ft*4tbfc^©^* 

mm®® 2 8 ^07 Fux^®»<z>*Mwrr**. 

0*, 2 0 l-2 04tt7^>aW 6$*ritrS 
40<D;**y»T*D> 2 0 1tt»l<D**U»a, 2 
0 2ttS&2<D* ; E'J#b. 2 0 3Ht£3<B,**'J«Pc* 
2 0 4tt5S4flM*y#dT**. 2 0 5tt, 
bfc4A*±tt7FUX<D?y^e»b, 2 0 6tt** 
US*cfc^*.*5y^@lfrc, 2 0 7li>^UPdC4 
AS^y^SS&dTife*. 2 0 8tt, ^^U«W@»2 
8<D7F^XMX (B3<D4 5fc*fc» , 2 0 9H7F 
I^X/TX 2 0 8 ©T&7 F PXT**, -eo7 F wx e 
?FRWU 77^>i^ ; E»J^y^<07 £ -^«5Ml^v* 
ft** V*fci7 7 -f ;V«^CO*/Jv*&CDCtt$«ft 7 ^ "t 

x-r^ofc«s-r«7Fi^xi;yF»tt-r*. 

T-*m&&WWfiS 1 2/Vf FTfcttft 9 My h 

7-f^ffl©*/Jv*ttk:*a-r-57FUXtfy b&t? 

2 10tt. 7FWX/tX2 0 8<D 
Ttt7 F UX 2 0 9 £»tr>fc±tt7 F l/XT**. & 
U **UI**7^Xr*<&fcTO;fcS&fc±ftC!>7 
Fl^Xtt»<feC!)i:'r5. 2 1 ltt, ^^E»JPb*7^ 
*feXT£fca6fc7FVX55^bfcEtt;5ti&_hffc7F 
!^X, 2 12tt^^U»cS7^^X'r-5fcl6IC7FV 
X^y^cJCffifisn^i^FV-X, 213t***U 
Pd*7^-kXT*fc*K:7FV'X7y^dK:EttSn 
fc±(3:7FU'XT*^. 2 1 4\t^ i )U&2 0 1 <0>l 
^UMfPM. 2 1 5tt^ : EUSb2 0 2CD^q£U«i» 
2 1 6tt^^»JffiPc 2 0 2 

1 7«> ; ey»d 2 o 40*^ufaira*re**, 

[0 0 5 1] H9<D*^fc^ViT, **U»a*»&** 

y»d*t^^t:7^-fex^»^K:tt^ft7 FPX 

^y^2 0 5^2 0 7JC-etHftlCI)^*U»t7^-feX 
-r*±fi:7FUX^0*5^T*<. ^br, 7^-feX 
$ff5»fc:tt> Ttt7Fl^X2 1 0ttf^T<O^*U» 
(C&aT***:*, 7FV-X/tXWt^^g»aXfrt^7 
^•feX-r^fc*<07FPX««&U ^^&U»a£Wl<0 
^ ; e»J»tt^jWS7 YVXJy*mfr*>hVL7 FU 
Xfc*D7^-feX*fx3. tt*. ^^-feXCDWWtt^t 
UHfPW2 14^-2 1-7. IC«la€itU a>U£ 
Pat^^U»b^<07^-feXT*n«. ^Uffl 
©^2 14, 2 1 5£*t!&t7^7^ ^Cftii^icr 

«Atf/ ; ty»d^ft©7^"feXfc:^viT 
Kbfct*ntfv>a>fc37 Fvx^jtsnrfeWH^ 
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z.£&*imttt*>* **ypsA4t>fc#«ix-o>n 
«, ttSttfc7Fi/X0Sfc*^fcfctt3nTv>*E 
- y y -f ;kdx-^ £Efcfc7£-fe;vr -5 ^ 

$9$, *%y*ae*7Fl/*?9?*fttf«Cfc 
[0 0 5 2] Rt<D§»fiHfc,ktitf» CPUltt&ttW 

*©y-F^ h7^x$aafc7^;rc£*. * 

t*tt^«»^V7h»>x7fciDI&^-r«Ct)&tr 

3 2lfyK ^yi^;*^ 8lf*h2:bTR0!£fr 
oTtW 1 6£y hlW*DCPUl*6 4bry M» 

SKiKbfc. 015«fcH*hS<D!i 
^frfcfctf*. A-Fm©#tf*«»*£j*l/C<r>*. 

4tTyK StftrK 16tf!yK 32Kvh& 

>OtKT*il6^K 3 2tfyk -tLTlS*«I 
^ya>4>»f*fe«3>tfa-^©6 4e^K 128 

y «5fc»^«0rc»4 ^fcsmxv**;** y 

[0 0 5 4] *3lfcW£*&«>x^£EI3»(0 

'#Eft*???ft. >*y*»a«ftiBSci)j&r*>)> 
ypftswrctic^D^-^ottift^^yioa^fc 5a 
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^t'Jr-^i;*; ha#*LV>*fc*Wtt;**y©x~ 
«»© j* * y :/*PW7£ i,XKt>K>*-i >* 

SfclcfcttS^y^T^^Eft** 

[0 0 5 5] &*. ;*^«T*i7^^**y#-> 
XrA* 6 ©^-^te&fcfcaT** C £ £ IsX&W U 

a^frA577y>i^^y*t^^ntf, ;:©«fc3 I 

fry* hrtyyT)i&Xti<1t*. 7?vya^'Jl: : 

TZZ£ifiX&&. -eUT^-f h7£-feX©Rfcfcm« 

y77^67^^5/a^y^<D»#52b**fr3Cltfc: 
AS. C©^<D^«©«J^£04 fc^Lfc. 
10 0 5 6] B4* % HW©#W£tl*riCf!iHLfc 
t)Cr>4:H-©t)«>r*S. Jritt©fc<D£LT7 1*47* 
*feX#y-Ffr?-f h*>fc,fct>Tx-*#E©86 1 £ 

^&-^«it:W*3 2t:y huo^-f w^7r, 

7 znrr-9-tV>;97 1 £3B0iM.5>&&©y^F^ 

SA^jr^tA^, fcb7^-fe^)3«7-rh"pi&ntfx- 

9&y4 h/Xy7rtCttlfiUT>AxA^S05 f -^C 
-HT*n«r7=-^»E0»6 l#7yvis3L*V)\z. 

^y*tt^t-tt>5/x^A^6An«raaft7^-fexdt 

[0 0 5 7] *C7r>f^flraiC?)*ifi«ttTH5^« 

XrMtDC P UW^fA^D ifyhty yy$>a* 
**)y74A'<oa>bn-5i>m ; 5££tzl3i*)s V7h 
^x7jc«fcsa^f^t«:^. H5lcJ:^Sit«T?«:^ 
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(li:£*#) amftttfct^aK^-OV©^* 

1-1-1-4) tZttVT, «*^^U»1-4<01* 

TttttSn*. 2-fe£* (Wttfa©l-5~l-6) 

TStl*. C©*£fe£^;$>©^*tt2^©Jti&$ 
*xy7ftfc#ttLT*lfteU*. 77-fiH©«ftO 
-feir * 1 - 7 fcHJPa©;* * »J »©¥tt«*X »J TAtW 

[0 0 5 8] CCT, 2*^*<fctf4Hr^©#«» 
tt©«*fc^T, 01 0fc«fctfHl lfcJ:!)£SlCS* 

mtznwrz. ai o«4/w hifW*a*0«** 
u hi i«2aw K^^»a*eo«^r. ftotis? 

**U7^X«J&*8t!yh£-r*. 
[0 0 5 9] HlOfcfcHT. **U#a-d's<04H: 

©->Xf^U*60f-^^l» 3 2 try h (4/t 
-f M £¥ftfcUT£&nx<*, 2 2 2-2 2 5tt, 
8 tTy K (1 /t-f h) WOf-^oai/«^lT 
*5?K 2 2 2ttlA-fhB<07 f -^> 2 2 3»2/t>fh 
IOf-^, 2 2 4tt3;HM, 2 2 5tt4A-fha 
<0t-*T&*. £TF, £ttLT4-fe^#tLT2 0 

fctCg«3*U &TfcB«X*S. 5 1-54ttH3T 

[0 0 6 01 4/Whr^CD^*^T*-5fcfi6> 3 
l\Lv h^-*^£D 4n-f.b£^fc:5 ; -^7v5 L 5 
l-5 4fcffrttU5:», £AWhtf;**»J*a-dk:# 

t* tx i /x-f hr^amasn*. m 3 2 * * h^- 

*fc^T87t-r h****yPa-d©»iaJM3*:#£ 
£§!OST*«*:3fcBa*L&3^ £U©R9i©J:<5K, 

a»3n*©T»fc<, ;**y#a-dfc#«UT#t& 
sn$. &£u 4-fe^^±»co7 s -^^ ; ey»a- 

[0 0 6 1] ailfcSVrCtt, **>J&a£>t*yf| 
[0 0 6 2] 2/t-f hro<0^*a^T»<5fc*. 3 
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2 tTy hT 2 -^^)* t) 4>W h$PP»fcr-*?y^5 

n, w*©2/vr h^sr^^usa^^usbfci 

at*qEU£bKimKf3*$&*n*. £©<fc3 

kut. i*fe^#©5 1 2/w ha*T*m*a*n 

ttV>T5S2 0D^^OWWhgdk6HfllMUT 
«'i»a, b©««»#fc»*&£tl*. £©*& 

*>. si-fe^^Htwso^^ypcD^ttiftdn^coT 
ic, mzwthmiw^K.myxwm*. be 

£©*^fcHU !3|»fcx-*?y*5 1~5 4©fc 

1 ^ *©7^r^«anrfc#£©;** u* 

[0 0 6 4] £LL*>*##*««fc. aRfcCfcfc* a 

2> <£CTttli^*£*fc*£1-*5 12Wh) <DI 
U 7 Wctt-Rfc* y r <i ;v©x-*#SftLfcv:>c: £T 

^©^^©x-^fc^ract/K. 

[0065] a*©*^ 05 (Du&zmtvy 
r-f;v©»€?a^fTt»n^m as (2) «*©a 

50 ATb*oA:tt4B*^bTV^. as (1) XWm^ 

[0 0 6 6] 35 <l) JC^Ufci^K:> ^^U*fc^ 
T^f;V«*)0f»i8^&»&fcW:H5 (2) 

7r-f;V#^4#©7r-f;VS«fei^«t. (1) Ttt 
4-1^64-6 5 ^ 9iMm2ftTKZi& 
(2) T2-fe^^iatoSn*i:. 4-l3&J^U»3^ 

y»2v 3©xu7)Wi#sn<5z:tfcft$. -t^^ft 
&mavity7'ffr<Dm&M$K:t&* c©^R:tt4-5 

i4-6 2:2-fe^^att-fe^^tLTftfc*l> 4-7tt 

so ©av>*sttsct^&. cne©7r-f;i^3i©# 
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fa£tt*flL£XZv~XKfT5fc8»fctt, A-F?x7 
m&tLX^ZT&fr$<»79±Z-t#f<Dm&\mi6 

4)l*sXTJ>ft&tZ%^XHt>ftJt%im£X*>Z£* 

to 0 6 73 H6icttBfiflia<o«^bT^. m 

Tfc*. *LT8 7«3 5K*nK«<7 7-f;V#^ 

<D*CD7FUXTa*. 8 9, 9 Ott^Sfc^r-f -Ho* 
-^86, 7r^;i^*8 7cDfc37Fl'XT&*. 
9 1 )\rr~? 8 5<D&M:^#tett2nTV> 

8 5^7r-f JP#^4. ^^^SOOt^T*** 
«>, a««*9 i«77^m4> -fc^Mee? 

OTM&3nT>»*«87 F UXSzSLTH* £ tfc 
fc*. »J|*#^ 80+' 

<07FlxXT**. ra«CUT> liffilS9 2S77^ 

<#t:77'f;pa*«7^-fex'ri»^tn$. *u 

T77 -f M»Q3 > h D-53KiaHttE«Mbft]»l 
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S^67Fl/X^A/)-rS»J^ I ^KT*S. fc£U 
09Tft|»tfcJ:3fc> l*^*7£-feX#<0Ttt7F 
VXtt^Tlr, -tn£Lb<0±&7FPXtC58LT)5!^ 

^XrA^^07^-feXm«*l«»ftT#, ^VifflflB 

[0 0 6 8] ^tC^^t US^S^tC^aftffiSrffl^tJ 

10 0 6 9) B7ttHftO^€Uf^$l^^ 
BTfc*. 1 0 ltt^'J/^y-i^ 1 0 2*> 
£1 OOfc^iJ/ty^-snOlOAffl*^-**? 

^pfttT**. «A«^^U^v7 r 1 0 23&t8t; 5 rhO 
x-^Affl^n?*ntfl0 6^510 9*T±WT8t; 1 

1 1 ottcnso^^u^y^tAia^iaHF^ 1 
a*r*ii&£jt«-r*«^A:fj»^ nn*»£ffi j 

1 1 2tt»«aKSK^®»tr»*. *«U 1 0 1 
oa-im. ^-^AfflaWFl 0 1 0 9<0»£ 
fc&^Aafc^l 1 0fc<fc0froT^e7^-feX^fT 
?Z. C:©3^fctt^(OH12, 013. HI 4^ 

«. i o i T«ra3nfc5^«it*»stt* 

1 1 i tLxmm&zamm i 2fcSD> $i*st& 

©SI 1 2Tfcm£fc«r5T>t*y*3>:/l 0 2*>£1 

0 Sfcx-^AfflAiB^l 0 6*>510 9fcfc8U Bf 

&<ox-*mx k^u^ ^cdt-^ £&«rr * c * 
wwr*. 

[0 0 7 0] B8& a— gf*&07*~*tiHK0tt£* 
3V>FA*fcJ:DfT7^ ; eU*^<0«^«T*S. a 
1 1 3tt3^>F«te««>l/^X^i:-t©«^«^ 

1 1 4liT-^AWAflH^-^^tta"-W3 
v>FR£*£^T*x-**T**. ^<Dtt»H7 

S^Hl 2. Bl 3, B14£-«fcUT»*U 3 
T>F3-FtVT3V>F$W®»l 13fcr-^ 
X©-Stl l4*6ft«U nv>FW»@ttll3T 

2KttMs-r*ji£e*i rim am 07<dk 
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Fig. 2 
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Fig. 3 
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Fig. 11 
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Fig. 12 
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Fig. 13 
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(54) [Title of the Invention] Flash memory file storage device and information processor. 
(57) [Abstract] (Modifications exist.) 



[Construction] 



i 



In a file storage device using flash memory elements whose minimum deleting unit is larger than X bits and access 
width is x bits (x = X/p: p is an integer equal to or greater than 2) through an X-bit data bus, it is equipped with a 
flash memory device 5 consisting of p sets of flash memory element groups accessible simultaneously, a dividing 
means 51-54 which divide data on the data bus into at least p parts, a data distributing means 61 which has at least a 
first function to make p pieces of x-bit data correspond to one set of the flash memory element groups and a second 
function to make each of the p pieces of x-bit data correspond to another set of the flash memory element groups, 
and a control means 56 which controls the data distribution means 61 so that the first and second functions are 
switched according to the number of storage capacity units for file management of the access target file. 

[Efficacy] 



It becomes possible to read multiple bytes simultaneously in parallel while effectively utilizing the memory area. 
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[Scope of Patent Claims] 
[Claim 1] 

In a flash memory file storage device which is a file storage device storing data through an X-bit data bus and which 
uses flash memory elements whose minimum deleting unit is larger than X bits and the access width is x bits (x = 
X/p: p is an integer equal to or greater than 2), a flash memory file storage device characterized by being equipped 
with a flash memory device consisting of p sets of flash memory element groups accessible simultaneously, a 
dividing means which divide data on the X-bit data bus into at least p parts, a data distributing means which has at 
least a first function to make p pieces of x-bit data obtained by the division correspond to one set of the flash 
memory element groups and a second function to make each of the p pieces of x-bit data correspond to another set 
of the flash memory element groups, and a control means which controls the data distribution means so that the first 
and second functions are switched according to the number of storage capacity units for file management of the 
access target file. 

[Claim 2] 

The flash memory file storage device described in Claim 1 characterized by the fact that the control means controls 
the data distribution means so that data of different files do not coexist in the memory area of the minimum deleting 
unit of the flash memory element 

[Claim 3] 

The flash memory file storage device described in the Claim 1 or 2 characterized by the fact that the control means 
controls the data distribution means so that the second function is selected for data of continuous p pieces of storage 
capacity units in the file, and that the first function is selected for data of one storage capacity unit 

[Claim 4] 

The flash memory file storage device described in the Claim 1 or 2 characterized by the fact that the storage capacity 
unit and the minimum deleting unit of the flash memory element are equal to each other. 

[ClaimS] 

In an information processing device having as its components a central computing/processing means which 
processes programs and data, a clock oscillation means which drives the central computing/processing means, a file 
storage means having flash memory as its storage medium, a file storage control means which controls access of the 
flash memory of the file storage means, an information processing device loaded with a flash memory file storage 
device characterized by the fact that the same signal or synchronized signal with clock signal generated by the clock 
oscillation means is input to the file storage control means, and that the central computing/processing means and the 
file storage control means perform synchronized actions to send/receive file data. 

[Claim 6] 

The information processing device described in the Claim 5 characterized by the fact that when the one-time data 
access width is different between the central computing/processing means and the file storage means, the file storage 
control means is equipped with a means to output a status indication signal indicating whether file data are being 
processed or the processing is complete, the central computing/processing means has a function wherein it receives 
the status indication signal, if it indicates that it is in process, it halts the process until the processing is complete, the 
file storage control means has a data bit width control means which adjust the number of data bits dealt with by the 
file storage means to the processing data bit width of the central computing/processing device, the data bit width 
control rneans shows to the central computing/processing means that processing is taking place using the status 
indication signal, and allows it to stand by during the period necessary for adjusting the data bit widths, and 
performs data exchange by adjusting the processing data width of both. 
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[Claim 7] 

The information processing device described in the Claim 6 characterized by the fact that the file storage means is 
composed of the number of flash memory groups necessary for generating data of the same number of bits with the 
data access width of the central computing/processing means, wherein sequential order is regulated for the memory 
groups, storing files over multiple storage capacity units following this regulated order of memory groups, and when 
the number of storage capacity units increases by updating a once-stored file, the increase is secured from the 
memory group regulated in order as the next of memory group where the last data of the file were stored in the 
previous storing. 

[Claim 8] 

In an information processing device equipped with a central processing device and a file storage device, 
characterized by the fact that multiple flash memory elements are used as the storage media of the file storage device, 
where the minimum deleting unit of data of the flash memory, is made to be equal to the storage capacity unit for file 
management, and if the number of storage capacity units when the central processing device requests file access is 
plural, the multiple flash memory elements are accessed simultaneously, and if the number of storage capacity units 
is one, one piece of the multiple flash memory elements is accessed. 

[Claim 9] j 

In a file storage device having flash memory as its storage medium, a flash memory file storage device characterized 
by the fact that if the storage capacity of a file to record extends over multiple storage capacity units, it is equipped 
with a chaining information storage means which records information in the physical location where the next storage 
capacity unit is stored for each storage capacity unit. 

[Claim 10] / j 

In a memory element where multiple memory chips are embedded in a package, a memory element where the 
memory package is equipped with the corresponding number of input/output data terminals to the total number of 
data inputs/outputs of all the memory chips, equipped with a data control means which controls 
switching/connecting input/output data of each memory chip and data input/output terminals and a control signal 
terminal for instructions from a memory user to the data control means, making it possible to switch/connect data of 
the multiple memory chips upon instructions of the control signal terminal to connect input/output data of an 
arbitrary memory chip to an arbitrary terminal of the input/output data terminals. 

[Claim II] 

In a memory element where multiple memory chips are embedded in a package, a memory element where the 
memory package is equipped with the corresponding number of input/output data terminals to the total number of 
data inputs/outputs of all the memory chips, equipped with a data control means which controls 
switching/connecting input/output data of each memory chip and data input/output terminals and a control command 
setting means for instructions from a memory user to the data control means, making it possible to switch/connect 
data of the multiple memory chips upon instructions of the control command setting means to connect input/output 
data of an arbitrary memory chip to an arbitrary terminal of the input/output data terminals. 

[Detailed Explanation of the Invention] 

[0001] 

[Field of Industrial Application] 

The present invention relates to information equipment loaded with a file storage device having flash memory as its 
storage medium, and especially relates to a file access method of file storage devices suitable for information 
equipment where high speed file access is demanded. 
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[0002] 

[Prior Art Technology] 

In today's general information equipment starting with personal computers, auxiliary storage devices are almost 
indispensable peripheral equipment. Moreover, in general, auxiliary storage devices are contained in most 
equipment, and arranged so that the users can always deal with files of large capacities. 

[0003] 

Recently, there are increasing cases where personal computers of notebook size and palm-top type are used, and 
portability is coming to be regarded important Therefore, in place of magnetic disk storage devices which are weak 
in terms of vibration and have a large power consumption, file storage devices having semiconductors as their 
storage media are drawing attention. For example, disclosed in Pat Open Hei 2-292798 Public Report is a 
technology of a semiconductor file storage device using a flash memory as its storage medium. 

[0004] 

Flash memory is nonvolatile memory which can be electrically rewritten, and because capacity increase and cost 
reduction are possible, it is one of the most effective memories as storage media of semiconductor file storage 
devices. The technology in the Pat Open Hei Public Report uses this memory to solve the problems in constructing 
a file storage device and devices for improving the ease of use. For example, it proposes a method of overcoming 
the shortcoming of flash memory in which the elements become degraded by frequent rewriting, a method of 
increasing the speed in a phase called, deleting necessary for rewriting a flash memory, etc. Also, as an interface 
with information equipment which becomes a host, it proposes it to be the same as that for magnetic disk devices, 
directed towards the construction of systems that can replace magnetic disk devices. 

[0005] 

[Problems overcome by the Invention] 

The semiconductor file storage device of prior art technology uses the pre-existing interface bus of the host 
information equipment and places importance on compatibility with magnetic disk devices. Although this makes 
the semiconductor file storage device to be easily accepted by the users, in return for placing importance on 
compatibility with magnetic disk devices, no consideration is made on superiority of semiconductor storage 
elements to magnetic disk devices. 

[0006] 

Namely, although semiconductor storage elements enable very high speed data access because they are static 
recording media unlike magnetic disk devices which pick up data from rotating disks and perform writing, there is 
the problem that the superiority of this high speed access cannot be utilized with the same interface as with magnetic 
storage devices. 

[0007] 

It is an objective of the present invention to construct an interface which achieves high-speed access performance to 
the maximum by making semiconductor storage elements to be its storage media and to provide new auxiliary 
storage devices which improve the access performance, which is a shortcoming of magnetic disk devices. 

[0008] 

[Problem Resolution Means] 

The flash memory file storage device by this invention is characterized by the fact that in a flash memory file 
storage device which is a file storage device storing data through an X-bit data bus and uses flash memory elements 



FH 008712 



(6) 



Pat Open Hei 6-266596 



whose minimum deleting unit is larger than the X bits and access width is x bits (x = X/p: p is an integer equal to or 
greater than 2), it is equipped with a flash memory device consisting of p sets of flash memory element groups 
accessible simultaneously, dividing means which divide data on the X-bit data bus into at least p parts, a data 
distributing means which has at least a first function to make p pieces of x-bit data obtained by the division 
correspond to one set of the flash memory element groups and a second function to make each of the p pieces of x- 
bit data correspond to another set of the flash memory element groups, and a control means which controls the data 
distribution means so that the first and second functions are switched according to the number of storage capacity 
units for file management of the access target file. 

[0009] 

[Operation] 

In magnetic disk devices used in the current person computers, data access is slower than the memory access of the 
personal computer and does not have to operate in synchronization with the CPU in the personal computer. 
Therefore, the give and take of data of magnetic disk devices are performed on an asynchronous bus. When a 
semiconductor is made to be a storage medium, because it can follow operations of the CPU, it becomes significant 
to make it a synchronous operation. 

[0010] j 

However, as a problem in such a case, there is the issue that the CPU processing bus width and the data access bus 
width of one chip of flash memory are different. Although this bus width difference can be solved by usinglmemory 
chips in parallel in cases of DRAMs etc., flash memory has a fixed deleting unit where the minimum deleting unit is 
512 bytes, for example. In this case, if multiple chips are utilized in parallel, the capacity of a deletion unit that is 
deleted at once becomes (512 x the number of parallel chips) bytes. Thus, the deleting target capacity is so large 
that data other than the deleting target are also deleted. j 

[0011] 

On the other hand, because personal computer file management currently regards this 512 byte unit as one sector, 
changing this storage capacity unit for file management (also called the file management unit, below) should be 
avoided. Therefore, in accessing one sector which is the file management unit, if attempting to utilize four flash 
memory chips in parallel, the minimum deleting unit becomes larger as a result, and rewriting the sector will require 
deleting four times the capacity of one sector as described earlier. In order to avoid such a situation, if the CPU has 
a 32-bit bus and the flash memory has an 8-bit bus for example, one chip needs to be accessed four times 
sequentially to deal with the 32-bit bus of the CPU. 

[0012] 

However, when continuously accessing four sectors or more, there is no problem even if four chips are accessed 
simultaneously in parallel for each four-sector data and 32 bits from the CPU data bus are accessed simultaneously 
with a one-time access. Namely, if 512 bytes in the first sector are written by 32 bits at a time over 16 times, 128 
(16x8) bytes are dispersed to each step. Next, 512 bytes in the second sector are written by 32 bits at a time over 
16 times. In the same way, 512 bytes in the third sector, and further 512 bytes in the fourth sector are written. At 
this point of time, all the capacity of the minimum deleting units of four chips is filled with data. Therefore, there is 
no problem in deleting this four-sector capacity at once when rewriting this file. 

[0013] 

thus, simultaneous four-step parallel access is repeated for each four sectors of a file. If there are data left which do 
not fill the last four sectors, other measures will become necessary. 

[0014] 
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If there are three sectors left, because 32 bits of the CPU cannot be divided by 3, they are separated into two sectors 
and one sector for handling. 

[0015] 

If there are two sectors left, or the file is two sectors in size in the first place, 32-bit data from the CPU are divided in 
two, and two chips are simultaneously accessed by 16 bits each at a time. The 512 bytes in the first sector are 
written onto two chips by 16 bits at a time over 32 times, where 256 (32 x 8) bytes are dispersed onto each chip. In 
the same way, the 5 12 bytes in the second sector are written onto two chips by 1 6 bits at a time over 32 times. 

[0016] 

If there is one sector left, or the file is one sector in size in the first place, 32-bit data from the CPU are divided into 
four, and one chip is accessed by 8 bits at a time. The 512 bytes in the one sector are stored in one sector of the chip 
over 64 times. 

[0017] 

As with the above, changing the method of storing data according to the number of continuously accessed sectors 
contributes to an access speed increase and solves the deletion problem accompanying flash memory. Namely, in 
either storing method, because it is guaranteed that only data of the same file are stored inside the minimum deletion 
area of a chip, the problem accompanying the deletion of flash memory is solved. 

[0018] 

Here, although the flash memory is operated synchronously in this invention, delays occur according to the access 
scheme. For this problem, a wait status can be arbitrarily requested to the CPU by using a CPU having a ready 
signal input. CPUs having a ready signal input are popular today. For example, it is installed in all CPUs having 16 
bit processing or higher by Intel Corp., which are the most popular as CPUs mounted in general-use personal 
computers. Because the CPU halts its processing cycle by negating this ready signal, if reading/writing of access 
data has not been completed, this signal can be just negated, and when the access is complete, the CPU resumes 
execution of the processing by asserting it. Because this is a control which becomes possible only when the file 
storage device is in a synchronous operation with the CPU, inputting synchronized clocks to the both at this time to 
make them operate synchronously is indispensable. By these controls, even when the data width per single 
processing is different between the CPU and the flash memory, it can be easily dealt with by letting the CPU wait 
until the data widths are adjusted. 

[0019] 

It is usually impossible in file management to separate anything dealt with in a continuous sector once. Namely, a 
file system can only access in file units. Therefore, when accessing multiple sectors continuously/if multiple chips 
are accessed simultaneously at the time of writing, using the multiple sectors in parallel, the file data as they were 
written can be obtained at the time of reading through the same parallel access. 

[0020] 

As in the above, according this invention, in an information processing device mounted with file storage devices 
having flash memories as its storage media, synchronous control with the system is performed so that the maximum 
performance can be drawn in it access performance which is highly superior to magnetic disk devices. In such a 
case, the CPU is put in a wait status upon necessity by a ready signal input to the system CPU to adjust the timing. 
Even when the system data bus width and the number of access data bits of one chip are different, it becomes 
possible to access at as high a speed as possible. 

[0021] 
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The effect is especially great in reading/writing of large capacity files whose access speed is easily recognized by 
the user, namely in continuous sector accesses. Also, whereas the system data bus width and the number of the 
access data bits of one chip are different according to the purpose, performance, and age, highly-flexible 
configuration is made possible to deal with various things. Also, it can be applied to methods to access memory 
with interleaves to increase the speed. 

[0022] 

According to the configuration equipped with a chaining information, the access procedure from the system is 
simplified to support a high-speed access. Then, the file management itself can be simplified, and simplification of 
control circuit, control program, etc. can be achieved. 

[0023] 

Also, by being equipped with a data distribution function inside a memory element, reduction of peripheral circuits 
and data processing speed increase can be achieved. 

[0024] 

[Embodiments] J 
Embodiments of the present invention are explained hereafter, with reference to the drawings. 

i 

[0025] 

First of all, shown in Fig. 1 is a standard personal computer configuration where the flash memory file device of this 
invention is installed. In the figure, 1 is a CPU which in charge of processing data and programs, and its data bus 
width is assumed to be 32 bits. No. 2 is a clock generator which generates a synchronous clock for the whole 
system. No. 3 is a system internal bus containing a data bus, an address bus, memory commands, I/O commands, 
etc. No. 4 is a file control circuit which performs' file management and memory control of the flash memory file 
device of this invention. No. 5 is a flash memory array which becomes a storage medium of the flash memory file ■ 
device, where the number of access data bits per chip is 8. no. 6 is a main memory control circuit which 
manages/controls the system main memory, and 7 is DRAM which is the main memory. No. 8 is a peripheral I/O 
bus control circuit, where a display control circuit 9 and a display 10 are connected as one of peripheral I/O devices. 
Listed as other peripheral I/O devices are a communication device 1 1, an external large capacity storage device 12, 
etc. 

[0026] 

Usually, the peripheral I/O bus control circuit contains another clock generation circuit, and these peripheral I/O 
devices operate based on that clock cycle. However, there can be one which is directly connected to the internal 
system bus 3 for speed enhancement and operates in synchronization with the CPU 1 . No. 1 3 is a clock signal 
supplied to each circuit containing the CPU 1 for synchronizing circuits connected to the internal system bus 3. 
Note that it does not need to be entirely the same with the clock supplied to the CPU 1 but can be a divided one 
depending on the circuit as far as it is synchronized* 

[0027] 

No. 14 is a ready control signal input to the CPU 1, where the status indication signals output from individual 
circuits are general-controlled in a ready control circuit 15 and input to the CPU 1. No. 16 is a control circuit of 
input devices for the user of this system to instruct the desired processing, and 17 is an input device. In the figure, 
the input device is assumed to be a keyboard, and its control circuit 16 is assumed to be a keyboard controller 
(KBDC). 

[0028] 
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Next, actions of the system in Fig. 1 are explained. During normal operation, the CPU 1 computes/processes 
programs and data stored in the main memory 7 to execute the process that the user instructed through the input 
device 17, and displays the result on the display 10. Also, if necessary, it starts up the communication device 1 1 and 
stores a large capacity of data to the large capacity external storage device 12. Then, in retrieving or storing files, it 
operates the flash memory file device consisting of the file control circuit 4 and the flash memory 5. When booting 
up the system also, the system program is loaded from here. During these operations, synchronous operations are 
performed by the clock 13 generated by the clock generator 2, and if there occurs a need for a certain circuit to 
request a stand-by to the CPU 1, that circuit request a CPU stand-by to the ready control circuit 15, and it is 
conveyed to the CPU 1 by negating the ready signal 14. The CPU 1 will continue to stand by until the ready signal 
14 is asserted again. At this time, the file control circuit 4 can perform a control of increasing/decreasing the CPU 
stand-by time by the number of files requested to the CPU 1. This mechanism is explained with reference to Fig. 2. 

[0029] 

Figure 2 is a drawing to explain the internal configuration of the flash memory file device. In the figure, 3, 4, 5, and 
13 are the same as those in Fig. 1, and the following are internal components of the file control circuit 4. No. 21 is a 
register group which performs interfacing with the system bus 3, no. 22 is a status register for reporting the status of 
the file control circuit 4 to the CPU 1 , 23 is a register for setting the starting sector number to access, 24 is a register 
for setting the ending sector number to access, 25 is a command register which instructs the processing requested by 
the CPU 1 as a command code, and 26 is a data register which becomes a window of data give and take with the 
system bus. 27 is a controller which takes a general control of internal controls of the file control circuit 4, which is 
ideally a programmable, intelligent LSI such as a one-chip microcomputer. No. 28 is a control circuit which 
performs control of the flash memory 5 which is a storage medium, 29 is a data control circuit which performs 
control of data to read from or write to the flash memory. No. 30 is a DMA control circuit for performing memory 
access at high speed, and the system clock signal 13 is input to this circuit. No. 31 is a status indication signal 
output to the ready control circuit 15, no. 32 is a local bus inside this flash memory file device, and 33 is a control 
signal and address for accessing the flash memory. 

[0030] 

Next, actions of the flash memory file device in Fig. 2 are explained. When a necessity to access with the flash 
memory file device arises, the CPU 1 performs the access via the system bus 3. In order to do so, first the content of 
the status register 22 is read out to check whether it is in an accessible status or not. Then, the sector to access next 
is set to the starting sector register 23 and ending sector register 24. Then, it writes the command code (read or 
write) of the requested access to the command register 25. Then, the status register 22 is read again, and if the 
access is possible, data are written to or read from the data register 26. 

[0031] 

At this time, the controller 27 manages these interface registers 2! to respond to requests from the CPU 1. Namely, 
it reads the starting sector register 23, ending sector register 24, and command register 25, grasps the access content 
of the flash memory 5, write a code indicating the current status to the status register 22, and reports to the CPU 1 . 

[0032] 

Because it is expected that the controller 27 is too slow in its operation speed to perform directly flash memory 
access for responding to the access requests from the CPU 1, the configuration is made so that the DMA control 
circuit 30 performs flash memory access at high speed and performs give and take of data with the system bus 3. 
The controller 27 will perform setting the access content, starting up the DMA, etc. to the DMA control circuit 30 
and the memory control circuit 28 for that purpose. 

[0033] 

The DMA control circuit 30 performs address generation and timing generation for performing the DMA, and the 
memory control circuit 28 generates access signals follow that timing. The flash memory 5 performs give and take 
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of data with the data control circuit by these input signals. The data control circuit 29 performs data generation 
according to the number of sectors to access. 

[0034] 

For example, in the case of write access of one sector, data sent by one-time access from the system bus 3 are 
adjusted to the number of writing bits of one chip of flash memory. In this embodiment, because the data bus width 
of the system bus 3 is set to 32 bits, 32 bits of data are obtained through a transfer by one access. Then, because the 
data width of one chip of flash memory is set to 8 bits, the sent data are divided into four to write to the flash 
memory 5. Therefore, the processing of dividing 32-bit data into four 8-bit data is performed by the data control 
circuit 29 using a latch circuit. Also, in the case of read access of one sector on the contrary, the flash memory 5 is 
read accessed four times to prepare 32-bit data for one bus transfer. The wait time of the system bus occurring at 
this time is generated by a stand-by request to the CPU 1 by a status indication signal 31 generated by the data 
control circuit 29. 

[0035] 

On the other hand, in the case of access to multiple sectors, the data control circuit 29 adjusts the data to Jatch for 
increasing the access speed and execute it normally. For example, if it is a continuous read access of four sectors, 
because 32-bit data are completed by simultaneously reading four chips of 8-bit access flash memory 5, Ithe wait 
rime of the system bus 3 can be greatly reduced. Note that four-chip simultaneous write access needs to be 
performed at the time of writing to the flash memory 5. Otherwise, the order of data will come to differ ana* the file 
data will become abnormal. Note that because it is common to perform management with file units inlsystems 
dealing with file storage devices, it is usual to read-access the same number of sectors with the number of sectors 
when they were written, and if the access schemes according to the number of sectors are made entirely the same 
between writing and reading, there will be no need to record the information. Namely, if it is an access scheme of 
continuous writing of five sectors, the first four sectors are simultaneously written to four chips in parallel, and the 
remaining one sector is divided in four to one chip, adopted in both reading and writing for example, and normal file 
data can always be accessed. Here, to make sure, information on the data storing scheme may be recorded in data in 
sector units stored in the flash memory 5. As its record location, if there exists a redundant area other than the data 
storing area of the flash memory, storing there is appropriate, and if there is no redundant area, a separate storing 
area is installed for recording. 

[0036] 

A continuous access of six sectors is dealt with a parallel access of four sectors and a parallel access of two sectors. 
[0037] 

Next, these access signals and data control method are explained in even more detail with reference to Fig. 3. 
[0038] 

Shown in Fig. 3 is a configuration where the bit width of the system bus is set to 32 bits, and that of the flash 
memory to 8 bits. In the figure, numbers that already appeared before are identical to those explained so far. Newly, 
41 is a counter for generating addresses of the DMA control circuit 30, where the system clock 13 and I/O access 
(command) signals or memory access (command) signals of the system bus 3 are input and counting up is performed 
in synchronization with this. No. 42 is a start-up register for DMA control where the local bus 32 of the controller 
27 is connected, and a desired DMA transfer can be started by writing a code to this register. No. 43 is a sector 
register which is connected to the local bus 32, too, and DMA transfer of an arbitrary sector number can be 
performed by writing the sector number to access. In the actual operation, written value of this sector number is 
input to the memory control circuit 28 which is used for generating the upper-order address of the flash memory and 
chip select signal. No. 44 is a timing circuit which generates a timing signal for synchronizing in each control 
circuit at DMA transfer. No. 45 is a memory address generated by the memory control circuit 28 based on values of 
the counter 41 and sector register 43. No. 46 is a memory control signal generated by generation of the memory 
address 45. 51, 52, 53, and 54 are data latches of one byte (8 bits) each, constituting data latches of four bytes (32 
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bits) for data width conversion between 32-bit data and 8-bit data. When data of the system bus 3 are denoted as 
D0-D31, the latch 51 latches D0-D7, the latch 52 D8-D15, the latch 53 D16-D23, and the latch 54 D24-D31, 
respectively. 55 is a latch signal generation circuit for these data latches. 56 is a data control setting register which 
is connected with the local bus 32 and sets data width and data order. In this embodiment, generation of a latch 
signal and its timing are instructed to the latch signal generation circuit 55 by setting one of "1", "2", and "4" to this 
data control setting register 56 as the number of continuous access sectors at read access. Then, latch signals input 
to data latches 51, 52, 53, and 54 are 57, 58, 59, and 60, respectively. For example, if "l w is set, latch signals 57, 58, 
59, and 60 are output sequentially one by one, and data from one chip of flash memory are accessed four times to 
generate 32-bit data which are output to the system bus 3. Also, if "2" is set, latch signals 57 and 58 are output 
simultaneously and afterwards latch signals 59 and 60 are output simultaneously, which are performed alternately, 
and data from two chips of flash memory are accessed twice each to generate 32-bit data which are output to the 
system bus 3. Also, if "4" is set, latch signals 57, 58, 59, and 60 are output simultaneously, and data from four chips 
of flash memory are accessed only once to generate 32-bit data which are output to the system bus 3. 

[0039] 

On the other hand, during a write access, latch signals are always sent to data latches 51, 52, 53, and 54 
simultaneously to latch 32-bit data from the system at once. No. 61 is a data distribution circuit which distributes 
data stored in data latches 5 1 , 52, 53, and 54 or data from the memory 5. No. 62 is a 32-bit data bus connecting the 
flash memory 5 and the data distribution circuit 61. No. 63 is a read/write signal for determining the data direction 
of the data distribution circuit 61, which should better receive supply from the command register 25 of the interface 
register 21. The data distribution circuit 61 is made as a bidirectional buffer, where one side is connected to data 
latches 51, 52, 53, and 54, and the other side to the flash memory 5. On the flash memory 5 side, the input is in 32 
bits, and all the chips of the flash memory 5 are divided into four groups, which are divided into separate bit groups 
(Bits 0-7), (Bits 8-15), (Bits 16-23), and (Bits 24-31), and input as 32 bits in total. Then, the direction is 
determined by whether it is read or write, and partitioning of each data are determined by the setting content of the 
data control setting register 56. 

[0040] 

Specific explanations are given on this distribution of data using Fig. 12, Fig. 13, and Fig. 14. These figures show 
data distribution examples of the data distribution circuit 61 for different values set to the data control setting 
register 56. Figure 12 shows data distribution when the number of continuous access sectors is 1, Fig. 13 when the 
number of continuous access sectors is 2, and Fig. 14 when the number of continuous access sectors is 4, 
respectively, and there are four kinds of data distributions in each case depending on which of the four memory 
groups to access. Also, read and write are distinguished. When the number of continuous access sectors is 1, four 
system cycles make one access, when the number of continuous access sectors is 2, two system cycles make one 
access, and when the number of continuous access sectors is 4, one system cycle makes one access. 

[0041] 

When the number of continuous access sectors is 1 , classification into four kinds is made depending on where in the 
divided memory to access, and when the number of continuous access sectors is 2 or 4, classification into four kinds 
again is made depending on which memory group is set as the starting point. Namely, the starting point can be 
adequately determined depending on how the memory is used, and by doing so the bias of used memory groups can 
be prevented. For example, although the data distribution method can be simplified if the memory group 1 is always 
set as the starting point, it is expected that the ratio of usage of the memory group 1 becomes high and there occur 
biases in both the amount of use and the frequency of use. If a bias occurs, one memory group eventually becomes 
unavailable, making is impossible to perform high-speed write access when the number of continuous sectors is 4. 
Therefore, it is made possible to set the starting point in any memory group. 

[0042] 

Note that although in reading when the number of continuous sectors is 1 or 2, data connection lines in the 
distribution circuit are made separate for each cycle in the figure, because the latch signal is not output to other than 
the target latch, the connection line may be shared instead of separating for each cycle. Namely, in reading of A 
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where the number of continuous sectors is 1 (Fig. 12), whereas the distribution is performed in a sequential cycle 
with latch 1 - memory group 1 , latch 2 - memory group 1 , latch 3 - memory group 1 , and latch 4 - memory group 1 , 
connection lines to all the latches may be connected to 1 of the memory group in all cycles. This is because even if 
data lines are connected, there is no influence if no latch signal is output. 

[0043] 

More specifically, referring to Fig. 12 in the write access of one sector for example, one byte connected one of the 
access target flash memory groups among the 32-bit data bus 62 is written to the flash memory with the data latch 
51 at the first time, the data latch 52 at the second time, the data latch 53 at the third time, and the data latch 54 at 
the fourth time, which is repeated from 51 sequentially. In the read access, one cycle of data are distributed to each 
latch by the latch signal. 

[0044] 

In the write access of two sectors, namely, if it is a write with a data width of 2 bytes, from Fig. 13, as 2-byte data 
connected to the corresponding two memory groups among the 32-bit data bus 62, data are received from the data 
latches 51 and 52 at the first access, 53 and 54 at the second access, and distributed alternately afterwards. On the 
other hand, in the read access the order becomes reversed, and data are distributed from the corresponding two 
memory groups to the data latches 51 and 52 in the first access, 53 and 54 in the second access, and this is rejpeated. 

[0045] 

i 

In the write access of four sectors, namely, if it is a write with a data width of 4 bytes, the buffer direction becomes 
the one from the data latch to the flash memory 5, the 32-bit data bus 62 is connected to the data latches 5 1, 52, 53, 
and 54 sequentially from its top memory group, and 32-bit access is completed by one-cycle access. In reading, the 
direction becomes the opposite. j 

[0046] 

In order to perform the actions, the controller 27 needs to set appropriate values to the registers explained so far 
before starting up the DMA control circuit 30. 

[0047] 

When multiple memory groups are accessed simultaneously in order to increase the speed as described earlier, 
addresses given to the individual memory groups are investigated below referring to Fig. 5. 

[0048] 

In Fig. 5, 81-84 indicates memory groups 1-4, respectively. The same figure (1) shows a state where a certain 
amount of file writing has been performed, and the same figure (2) shows a state where a certain file has been 
updated and its file size has increased. The data code (m-n) shown in the figure indicates a file number m and a 
sector number n in each file. For example, (3-2) indicates the second sector of the file number 3. Note that this 
figure shows area (having a capacity of one sector or more) of which memory group is used how as a whole, and in 
actuality, at a continuous access of two sectors or more, instead of content of only a single sector being stored in a 
one-sector capacity area of each memory group, contents of multiple sectors are stored dispersed. This point will be 
described in detail later in the explanation of file management 

[0049] 

In Fig. 5 (1), in the access of file number 1 (all sectors coded as 1-n), in a simultaneous access from 1-1 to 1-4, 
because these are arranged in the same line, same address can be given to these memory groups. However, in file 
number 2, if 2-1 to 2-4 are used for a simultaneous access, the memory group 4 needs to be given a different address 
from other memory groups. This means that the same number of address buses with the number of memories need 
to be installed. Or, there needs to be some way to give different addresses to the memory groups. In order to avoid 
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this, an access scheme needs to be taken in accesses of file number 2 that 2-1 is accessed alone, 2-2 and 2-3 are 
simultaneously accessed, and 2-4 is accessed alone again. However, this will generate a waste in increasing the 
speed. Then, an example of configuration for giving different addresses is explained using Fig. 9. 

[0050] 

Figure 9 is an example of configuring an address generation circuit inside the memory control circuit 28 when the 
number of memory groups is set to 4. In the figure, 201-204 are four memory groups constituting the flash memory 
5, where 201 is a first memory group a, 202 is a second memory group b, 203 is a third memory group c, and 204 is 
a fourth memory group d. 205 is a latch circuit b of the high-order address given to the memory group b, 206 is a 
latch circuit c giving to the memory group c, and 207 is a latch circuit d giving to the memory group d. 208 is the 
address bus of the memory control circuit 28 (corresponding to 45 in Fig. 3), and 209 is the low-order address of the 
address bus 208. The number of its address bits is set to the number of address bits which corresponds to that for 
accessing the storage capacity of the data deletion minimum unit or the minimum unit for file management of the 
flash memory chip. For example, if the data deletion minimum unit is 512 bytes, it becomes 9 bits. Only when the 
data deletion minimum unit of the flash memory chip is smaller than the minimum unit for file management, it is 
effective to make it the number of address bits which corresponds to the minimum unit for file management 210 is 
the high-order address of the address bus 208 excluding the low-order address 209. Note that even higher-order 
address which is unnecessary in accessing the memory groups is removed. No. 21 1 is a high-order address stored in 
the address latch b for accessing the memory group b, 212 is a high-order address stored in the address latch c for 
accessing the memory group c, and 213 is a high-order address stored in the address latch d for accessing the 
memory group d. No. 214 is a memory control signal for the memory group a201, 215 is a memory control signal 
for the memory group b202, 216 is a memory control signal for the memory group c203, and 217 is a memory 
control signal for the memory group d204. 

[0051] 

In the configuration of Fig. 9, when accessing the memory group a to the memory group d simultaneously, high- 
order addresses to access these memory groups are written in advance to the address latches 205-207. Then, when 
performing the access, because the low-order address 210 is common to all the memory groups, the address bus 
supplies the address for accessing only the memory group a, and memory groups other than the memory group a are 
accessed through the high-order addresses from the corresponding address latch circuit. Note that access control is 
entrusted to the memory control signals 214-217, and if access is only to the memory group a and the memory 
group b for example, it is arranged so that only the memory control signals 214 arid 215 become active. Also, in 
accessing only the memory group d for example, unless the memory control signal 21 is set active, the memory 
group a may be give any address without a problem. By this means, it becomes possible to give different addresses 
to individual memory groups, only if the memory groups are dispersed into 4, data of the same file stored in 
locations at physically different addresses can be accessed simultaneously, enhancing the contribution of speed 
increase. In the configuration of Fig. 9, the address latch of the memory group a can be omitted. Of course, if it is 
effective to install an address latch also for the memory group a, it may be done so. 

[0052] 

According to the above embodiment, the CPU 1 can perform read/write access of a desired sector at high speed by 
performing simple specifications to relatively a small number of registers. Also, the file controller is made as a one- 
chip microcomputer, where fine control can be instructed by software, and data transfer can be performed at high 
speed by loading a DMA transfer control circuit even if the one-chip microcomputer can only perform slower 
operations than the system. However, if the operation speed of the one-chip microcomputer is high enough to 
perform high-speed operations for the system, the DMA control circuit is not necessary, and a configuration where 
all data transfers are performed by the one-chip microcomputer can also be considered. 

[0053] 

Also, although an explanation has been given in this embodiment assuming the data buses are 32 bits for the system 
arid 8 bits for the flash memory, also for the CPU 1 of 16-bit operation, CPUs of 64-bit operation, and a flash 
memory of 16-bit I/O, adjustment to other data widths can be easily performed by changing the number of data 
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latches, configuration of the data control setting register, and control programs of controllers. The concrete example 
is shown in Fig. 15. Shown in Fig. 15 are concrete numerical values of hardware configuration in a combination of 
individual bit widths. The horizontal configuration of the figure is the number of data bits of the flash memory, 
where 4 bit, 8 bit, 16 bit, and 32 bit are listed as examples. The vertical configuration shows the system data width, 
where 8 bit for simple information equipment, 16 bit and 32 bit which are the mainstream of the present personal 
computers, and 4 bit and 128 bit for the future personal computers and high-performance computers are listed as 
examples. Also, the data distribution circuit listed as a hardware configuration is, if explained using the data 
distribution circuit 61 of the embodiment, shown in the number of bits of one circle x the number of circles in the 
figure. Connection of each circle can be shown in the same idea with Fig. 12 ~ Fig. 14. While the number of 
latches is increase or decrease of the number of latches 51-54 in the embodiment, if the number of memory data bits 
is larger than the system data width, the latch location will be configured in the data distribution circuit memory side. 
The number of memory groups indicates the number of divisions of the memory which is divided in four in the 
embodiment. 

[0054] 

Note that the number of distribution of the data distribution circuit, the number of latches, and the number of 
memory groups are lower limit numbers including this embodiment, and if there is some room in the circuit scale, 
the number of terminals, etc., increasing them will make a more effective system configuration. That is because 
increasing the number of memory groups gives more room in selecting memory for storing data, which carl prevent 
biases of memory usage and frequency of use. Also, because the number of memories to access in parallel can be 
increased, speed increase can be further progressed. Especially, when the system data width and the number of 
memory data bits are equal to each other or the number of memory data bits is larger, although there is no effect of 
adjusting the data bus widths at all as described in the embodiment, multiple memory chips can be simultaneously 
accessed and speed increase by the so-called interleave method can be realized. In this case, at the same time with 
increasing the number of memory groups, the number of memory data distributions in the data distribution circuit 
and the number of latches need to be increased. j 

[0055] 

Note mat although explained in this embodiment is that the flash memory can follow data transfer from the system, 
to do so it is preferable that a write buffer be installed inside the flash memory. If it is a flash memory which can 
perform writing at high speed in the future, this kind of write buffer will become unnecessary. If no write buffer is 
contained in the flash memory, a write buffer can be installed between the flash memory and the data control circuit 
Then, at each write access, writing is performed not directly to the flash memory but first to the write buffer, and 
after data transfer from the system is complete, writing is performed from the write buffer to the flash memory. The 
configuration diagram of an embodiment of this case is shown in Fig. 4. 

[0056] 

In Fig. 4, numbers which already appeared before are the same with those explained so far. As new ones, 71 is a 
data selector which switches connection with the data distribution circuit 61 depending on whether the access is read 
or write, 72 is a write buffer of 32-bit width which temporarily stores write data, and 73 is a read/write signal for 
switching the data selector 71 , where a part of data of the command register 25 is better to be input If the access is 
write, the data distribution circuit 61 is connected with the write buffer, write data are stored in the write buffer, and 
the controller performs writing to the flash after data transfer from the system. If it is read, the data distribution 
circuit 61 is connected directly to the flash memory, and the same operation with the read access in Fig. 3 describe 
above is executed. By making it the configuration, even using a flash memory which does not contain a write buffer 
and has a slow writing, high-speed accesses become possible, seen from the system. 

[0057] 

Next, an embodiment of file management is explained with Fig. 5 as an example. Although embodiments of 
hardware have been explained so far, how to store actually to the flash memory is described below. This operation 
is basically performed by the system CPU, system program, arid the controller of the flash memory files, where the 
central issue is operation by software. In the explanation using Fig. 5, instead of the content of the software itself, 
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shown is how unit capacity area (for one sector) of each memory group of the flash memory as the whole is assigned 
to a sector of a file as a result of the operation. For each sector of a file, unit capacity area is secured in sequential 
memory groups. For continuous sectors of four or more, one unit capacity area of sequential memory groups 1-4 
are assigned to the four sectors (1-1-1-4 in the figure for example). Note that data in each sector are actually stored 
dispersed in four unit capacity areas. To two sectors (1-5-1-6 in the figure for example), unit capacity areas of two 
memory groups are assigned. In this case also, data in each sector are stored dispersed in two unit capacity areas. 
Assigned to the last sector 1-7 of file 1 is a unit capacity area of a single memory group. 

[0058] 

Here, an even more detailed explanation is given on dispersed storing of two sectors and four sectors using Fig, 10 
and Fig. 11. Shown in Fig. 10 is an example of 4-byte simultaneous write, and Fig. 11 is an example of 2-byte 
simultaneous write. In the same ways as the above, it is assumed that the host system bus is 32 bits, and that the 
memory access width of one memory group is 8 bits. 

[0059] 

Shown in Fig. 10 is an example of 4-sector simultaneous write to the memory groups a-d. In the figure, indicated 
with 211 is data from the system bus, which are sent with 32 bits (4 bytes) as a unit. Indicated with 222-225 are 
sequential numbers of 8-bit (1-byte) unit data, 222 is the first byte data, 223 is the second byte data, 224 is the third 
byte data, and 225 is the fourth byte data. Following them, data up to the 2048th byte are continuously sent as those 
for 4 sectors. Actually, because of the 32-bit bus, from the first byte to the fourth byte are simultaneously received, 
and the following are the same. Nos. 5 1 -54 are data latches for temporary storage of data shown in Fig. 3. 

[0060] 

Because of being simultaneously written 4 bytes at a time, after storing 32 bits, namely 4 bytes, simultaneously to 
the data latches 51-54, each byte is dispersed to the memory groups a-d and is written one byte each. For the next 
32-bit data, each byte is written to the following parts of the memory groups a-d. In this way, when 512 bytes 
corresponding to 1 sector are written, subsequently data for the second sector are written by 4 bytes at a time to the 
following parts of the memory groups a-d in the same way. Although Fig. 5 is shown for convenience as if each 
sector is assigned to a specific memory group, as in the above explanation, actually data in each sector are not stored 
only in a specific memory group but written dispersed to the memory groups a-d. Note that it is true that data of the 
whole 4 sectors are stored in an area of 4-sector capacity in the memory groups a-d. 

[0061] 

Shown in Fig. 1 1 is an example of 2-byte simultaneous write to the memory group a and the memory group b. 
[0062] 

Because of being a simultaneously written 2 bytes at a time, after storing 32 bits, namely 4 bytes, simultaneously to 
the data latches 51-54, these are divided in two by 2 bytes each, the first half 2 bytes are first written to the memory 
group a and the memory group b by 1 byte each, next the latter half 2 bytes are written to the memory group a and 
the memory group b by 1 byte each. In this way, when 512 bytes corresponding to 1 sector are written, 
subsequently data for the second sector are written from the first byte to the following parts of the memory groups a 
and b in the same way. In this case also, the first sector is not stored only to a specific memory group but written 
dispersed to the memory groups a and b, and in the same way, the second sector is written dispersed to the memory 
groups a and b following the first sector. 

[0063] 

Although writing to a single sector is not shown, individual byte data of the data latches 51-54 are simultaneously 
stored to a certain memory group sequentially in this case. Only in this case, data of one sector are stored to a 
specific memory group without being dispersed 
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[0064] 

As can be seen from the above, the important thing is that there is no data mixed from different files in the area of 
the minimum deletion unit (512 bytes corresponding to one-sector capacity here) of a flash memory element as a 
result of the above operations. By this guarantee, it becomes possible to achieve high-speed file data storing by 
writing multiple bytes simultaneously in parallel as effectively utilizing the storage area of memory when rewriting 
a file without deleting data of other files. 

[0065] 

As stated above, Fig. 5(1) shows a state where a certain degree of file writing has been performed, Fig. 5 (2) a state 
where a certain file has been updated and the file size has increased afterwards. In Fig. 5(1), storing is performed so 
that different memories are assigned in the order of file numbers to be stored and the order of sector numbers. In 
principle, they are packed to leave no space so that there will be no waste in terms of management. 

[0066] 

As shown in Fig. 5 (\) ? if file sectors are stored in memory groups by packing sequentially and continuously so that 
no vacant space occurs, when a file size has increased by updating the file, there occurs cases as shown in Fig. 5 (2) 
where continuous storing in terms of physical storage location is impossible. Even in such a case, storing is 
performed so that the order of memory groups becomes continuous. Namely, if the file number 4 is taken as an 
example, while five sectors from 4-1 to 4-5 are stored in (1), if two sectors are added in (2), because 4-1 is started 
from the memory group 3, areas in the memory groups 2 and 3 are secured for the increased portion of 4-6 fend 4-7. 
When writing a file whose number of sectors is increased, 4-5 and 4-6 are treated as 2-sector continuous sectors at 
this time, and 4-7 is treated as a single sector. Namely, added sectors also receives a treatment as continuous sectors 
together with already-stored sectors. In order to perform smoothly these storing and reading out in file management, 
it is believed to be more appropriate as a hardware configuration that specification of access sectors from the system 
should be the starting sector and the number of sectors and grasping the physical storage locations should be 
performed inside the file system. Namely, whereas specifying access files from the system should be simplified as 
much as possible for the speed increase, if physical locations are scattered, specifying the physical locations 
becomes complicated. Therefore, the ending sector 24 shown in Fig. 2 should be removed in this sense. Then, by 
storing information indicating file chaining in an redundant area of the memory to store information other than data 
if it exists, or in another storage means if it does not exist, because if the file starting number is specified, all the 
physical locations of sector numbers following it become clear by chaining, a continuous access becomes possible. 

[0067] 

Shown in Fig. 6 is an example of chaining information. In the figure, 85 is file data stored in memory, which are 
data of file number 4 and sector number 5. 85 is the data of file number 4 and sector number 6 that follow them. 
And 87 is data of file number 4 and sector number 7 that further follow them. Note that although these data are 
arranged in the order of the sector numbers, they may be mixed in the actual storage state. Namely, data may be 
stored scrambled by accessing multiple chips simultaneously through a continuous sector access. However, because 
numbering of data storage by byte is necessary even in such a case, sector numbers are very important 88 is a 
physical address indicating the physical location on memory where the file data 85 are stored, where the number "3" 
on the left side is the memory group number, the number "5" on the right side is the address in that memory group. 
89 and 90 are physical addresses of the file data 86 and the file data 87 in the same way. 91 is chaining information 
indicating the physical address where the next sector of the file data 85 are stored, and because the file data 85 are 
data of file number 4 and sector number 5, the chaining information 91 indicates the physical address where data of 
file number 4 and sector number 6 are stored. The number on the left side is the memory group number, and the one 
on the right side is the address in the memory group. In the same way, chaining , information 92 indicates the 
physical address where data of file number 4 and sector number 7 are stored, and chaining information 93 indicates 
a case where the next sector does not exist Namely, it can be told that the file of file number 4 ends with 7 sectors. 
If this chaining information is attached with file data, the system CPU does not have to grasp the physical location 
of file storage but can take a scheme of simply accessing the file itself. Then, by the controller of file control 
performing physical accessing of memory as referring to the chaining information, even with a file whose physical 
storage locations are not continuous but scattered, a continuous access becomes possible. In that case, a 
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configuration to input different addresses for simultaneous access of different memory groups is necessary. Note 
that as stated earlier in Fig. 9, low-order address for the one-sector access can be shared, necessity is only for the 
high-order address for more than that According to embodiments using chaining information above, access 
specification from the system can be simplified to enable the execution with smaller amount of information. 

[0068] 

Next, an explanation is given on an embodiment of embedding various kinds of functions in a memory element 
itself. 

[0069] 

Figure 7 is a configuration diagram of a memory element where multiple memory chips are contained in a package 
and an additional circuit is installed. In the figure, 101 is a memory package, 102-105 are memory chips having the 
same function, 106-109 are input/output data terminals of the memory package 10!, each of which can perform data 
input/output of one memory chip. For example, if the memory chip 102 has 8-bit data input/output, 106-109 come 
to have 8 bits x 4 = 32 bits of data input/output terminals in total. No. 1 10 is a signal input terminal which specifies 
the path to connect these memory chips with input/output terminals, 111 is a specification signal, and 112 is a 
connection path setting circuit. A user of this memory 101 executes an access after setting 109 with the signal input 
terminal 1 10 from the data input/output terminal 106. It is considered as an example that this setting is selected 
from connection paths such as those in Fig. 12, Fig. 13, and Fig. 14 stated earlier. In the memory 101, set data 
connection is sent as the specification signal 111 to the connection path setting circuit 1 12, the connection setting 
circuit 1 12 connects the memory chips 102-105 with the data input/output terminals 106-109 according to the 
setting, and realizes connection of data in the memory chip with the desired data bus. 

[0070] 

Figure 8 is a configuration example of a memory element which performs setting of data connection from a user by 
a command input. In the figure, 113 is a command control circuit which creates the specification signal 1 1 1 from a 
register of the command set value and its set value. 1 14 is a data line where the user set the command set value 
using a part of the data input/output terminal. Others are the same as those with the same numbers in Fig. 7. A user 
selects a data connection path with Fig. 12, Fig. 13, and Fig. 14 as an example, sets as a command code from a part 
of data bus 1 14 to the command control circuit 1 13, and sends the specification signal 1 1 1 which corresponds to the 
connection path setting circuit 1 12 from the command code set in the command control circuit 113. Below is the 
same as the explanation of Fig. 7. According to this embodiment by Fig. 7 and Fig. 8, another embodiment 
explained so far can be realized as a memory element, and there is an efficacy that reduction of peripheral circuits 
can be achieved. Note that although in this embodiment multiple chips and control circuits are to be loaded in a 
memory package, by uniting these into one chip, miniaturization and speed increase can be promoted. 

[0071] 

[Efficacy of the Invention] 

According to the present invention, it becomes possible in a flash memory device to achieve high-speed file data 
storing by writing multiple bytes simultaneously in parallel as effectively utilizing the storage area of the memory 
when rewriting a file without deleting the data of other files. 
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[Brief Explanation of the Drawings] 

[Fig. 1] A block diagram showing a system configuration which realizes this invention. 

[Fig. 2] A block diagram showing the configuration of an embodiment of the flash memory file device. 

[Fig. 3] A block diagram of the main section for explaining actions of the embodiment. 

[Fig. 4] An explanatory drawing showing data control when a slow-writing flash memory chip is used in the 
embodiment 

[Fig. 5] An explanatory drawing of an execution example of storing files to the memory in the embodiment. 

[Fig. 6] An explanatory drawing of an execution example of storing chaining information in another embodiment of 
this invention. 

[Fig. 7] An explanatory drawing of a memory configuration example where the data distribution function by the 
signal terminal input specification is installed in the memory element. 

[Fig. 8] An explanatory drawing of a memory configuration example where the data distribution functioik by the 
command setting input specification is installed in the memory element J 

[Fig. 9] An explanatory drawing of address connection of the memory groups in the embodiment | 

[Fig. 1 0] An explanatory drawing of actions at 4-byte simultaneous write in the embodiment. 

[Fig. 1 1] An explanatory drawing of actions at 2-byte simultaneous write in the embodiment (system bjis 32 bit,) 

[Fig. 12] An explanatory drawing of data distribution at memory 1-chip simultaneous access in the embodiment 

[Fig. 13] An explanatory drawing of data distribution at memory 2-chip simultaneous access in the embodiment 

[Fig. 14] An explanatory drawing of data distribution at memory 4-chip simultaneous access in the embodiment. 

[Fig. 15] An explanatory drawing of hardware configurations in various configurations of the system bus and the 
memory data bus. 



[Explanations of the Codes] 

1: CPU, 2: Clock generation circuit, 3: System bus, 4: File control circuit, 5: Flash memory, 6: Main memory 
control circuit, 7: Main memory, 8: External I/O control circuit, 9: Display control circuit, 11: Communication 
circuit, 12: Large capacity external storage device, 13: System clock, 15: Ready control circuit, 16: KBDC, 21: 1/F 
register, 22: Status register, 23: Starting sector register, 24: Ending sector register, 25: Command register, 26: Data 
register, 27: Controller, 28: Memory control circuit, 29: Data control circuit, 30: DMA control circuit, 31: Status 
indication signal, 32: Local bus, 41: Counter, 42: Startup register, 43: Sector register, 44: Timing control circuit, 45: 
Address, 46: Control, 51: Latch circuit, 52: Latch circuit, 53: Latch circuit, 54: Latch circuit, 55: Latch circuit 
generation circuit, 56: Data control setting register, 61: Data distribution circuit, 63: Read/write signal, 71: Data 
switching circuit, 72: Write buffer, 73: R/W signal, 85: Data (4-5), 86: Data (4-6), 87: Data (4-7), 91: Chaining 
information, 101: Memory package, 110: Specification signal input terminal, 112: Connection path setting circuit, 
113: Command control circuit, 201: Memory group a, 202: Memory group b, 203: Memory group c, 204: Memory 
group d, 205: Address latch b, 206: Address latch c, 207: Address latch d, 208: Address bus, 209: Low-order address, 
210: High-order address, 214-217: Memory control signals. 
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(54) [Title of the Invention] Flash memory file storage device and information processor. 
(57) [Abstract] (Modifications exist.) 



[Construction] 



In a file storage device using flash memory elements whose minimum deleting unit is larger than X bits and access 
width is x bits (x = X/p: p is an integer equal to or greater than 2) through an X-bit data bus, it is equipped with a 
flash memory device 5 consisting of p sets of flash memory element groups accessible simultaneously, a dividing 
means 51-54 which divide data on the data bus into at least p parts, a data distributing means 61 which has at least a 
first function to make p pieces of x-bit data correspond to one set of the flash memory element groups and a second 
function to make each of the p pieces of x-bit data correspond to another set of the flash memory element groups, 
and a control means 56 which controls the data distribution means 61 so that the first and second functions are 
switched according to the number of storage capacity units for file management of the access target file. 



[Efficacy] 

It becomes possible to read multiple bytes simultaneously in parallel while effectively utilizing the memory area. 
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[Scope of Patent Claims] 
[Claim 1] 

In a flash memory file storage device which is a file storage device storing data through an X-bit data bus and which 
uses flash memory elements whose minimum deleting unit is larger than X bits and the access width is x bits (x = 
X/p: p is an integer equal to or greater than 2), a flash memory file storage device characterized by being equipped 
with a flash memory device consisting of p sets of flash memory element groups accessible simultaneously, a 
dividing means which divide data on the X-bit data bus into at least p parts, a data distributing means which has at 
least a first function to make p pieces of x-bit data obtained by the division correspond to one set of the flash 
memory element groups and a second function to make each of the p pieces of x-bit data correspond to another set 
of the flash memory element groups, and a control means which controls the data distribution means so that the first 
and second functions are switched according to the number of storage capacity units for file management of the 
access target file. 

[Claim 2] 

The flash memory file storage device described in Claim 1 characterized by the fact that the control means controls 
the data distribution means so that data of different files do not coexist in the memory area of the minimum deleting 
unit of the flash memory element. 

[Claim 3] 

The flash memory file storage device described in the Claim 1 or 2 characterized by the fact that the control means 
controls the data distribution means so that the second function is selected for data of continuous p pieces of storage 
capacity units in the file, and that the first function is selected for data of one storage capacity unit 

[Claim 4] 

The flash memory file storage device described in the Claim 1 or 2 characterized by the fact that the storage capacity 
unit and the minimum deleting unit of the flash memory element are equal to each other. 

[Claim 5] 

In ah information processing device having as its components a central computing/processing means which 
processes programs and data, a clock oscillation means which drives the central computing/processing means, a file 
storage means having flash memory as its storage medium, a file storage control means which controls access of the 
flash memory of the file storage means, an information processing device loaded with a flash memory file storage 
device characterized by the fact that the same signal or synchronized signal with clock signal generated by the clock 
oscillation means is input to the file storage control means, and that the central computing/processing means and the 
file storage control means perform synchronized actions to send/receive file data. 

c 

[Claim 6] 

The information processing device described in the Claim 5 characterized by the fact that when the one-time data 
access width is different between the central computinjg^processing means and the file storage means, the file storage 
control means is equipped with a means to output a status indication signal indicating whether file data are being 
processed or the processing is complete, the central computing^processing means has a function wherein it receives 
the status indication signal, if it indicates that it is in process, it halts the process until the processing is complete, the 
file storage control means has a data bit width control means which adjust the number of data bits dealt with by the 
file storage means to the processing data bit width of the central computing/processing device, the data bit width 
control means shows to the central computing/processing means that processing is taking place using the status 
indication signal, and allows it to stand by during the period necessary for adjusting the data bit widths, and 
performs data exchange by adjusting the processing data width of both. 
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[Claim 7] 

The information processing device described in the Claim 6 characterized by the fact that the file storage means is 
composed of the number of flash memory groups necessary for generating data of the same number of bits with the 
data access width of the central computing/processing means, wherein sequential order is regulated for the memory 
groups, storing files over multiple storage capacity units following this regulated order of memory groups, and when 
the number of storage capacity units increases by updating a once-stored file, the increase is secured from the 
memory group regulated in order as the next of memory group where the last data of the file were stored in the 
previous storing. 

[Claim 8] 

In an information processing device equipped with a central processing device and a file storage device, 
characterized by the fact that multiple flash memory elements are used as the storage media of the file storage device, 
where the minimum deleting unit of data of the flash memory is made to be equal to the storage capacity unit for file 
management, and if the number of storage capacity units when the . central processing device requests file access is 
plural, the multiple flash memory elements are accessed simultaneously, and if the number of storage capacity units 
is one, one piece of the multiple flash memory elements is accessed 

[Claim 9] 

In a file storage device having flash memory as its storage medium, a flash memory file storage device characterized 
by the fact that if the storage capacity of a file to record extends over multiple storage capacity units, it is equipped 
with a chaining information storage means which records information in the physical location where the next storage 
capacity unit is stored for each storage capacity unit. 

[Claim 10] 

In a memory element where multiple memory chips are embedded in a package, a memory element where the 
memory package is equipped with the corresponding number of input/output data terminals to the total number of 
data inputs/outputs of all the memory chips, equipped with a data control means which controls 
switching/connecting input/output data of each memory chip and data input/output terminals and a control signal 
terminal for instructions from a memory user to the data control means, making it possible to switch/connect data of 
the multiple memory chips upon instructions of the control signal terminal to connect input/output data of an 
arbitrary memory chip to an arbitrary terminal of the input/output data terminals. 

[Claim 11] 

In a memory element where multiple memory chips are embedded in a package, a memory element where the 
memory package is equipped with the corresponding number of input/output data terminals to the total number of 
data inputs/outputs of all the memory chips, equipped with a data control means which controls 
switching/connecting input/output data of each memory chip and data input/output terminals and a control command 
setting means for instructions from a memory user to the data control means, making it possible to switch/connect 
data of the multiple memory chips upon instructions of the control command setting means to connect input/output 
data of an arbitrary memory chip to an arbitrary terminal of the input/output data terminals. 

[Detailed Explanation of the Invention] 

[0001] 

[Field of Industrial Application] 

The present invention relates to information equipment loaded with a file storage device having flash memory as its 
storage medium, and especially relates to a file access method of file storage devices suitable for information 
equipment where high speed file access is demanded. 
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[0002] 

[Prior Art Technology] 

In today's general information equipment starting with personal computers, auxiliary storage devices are almost 
indispensable peripheral equipment. Moreover, in general, auxiliary storage devices are contained in most 
equipment, and arranged so that the users can always deal with files of large capacities. 

[0003] 

Recently, there are increasing cases where personal computers of notebook size and palm-top type are used, and 
portability is coming to be regarded important Therefore, in place of magnetic disk storage devices which are weak 
in terms of vibration and have a large power consumption, file storage devices having semiconductors as their 
storage media are drawing attention. For example, disclosed in Pat Open Hei 2-292798 Public Report is a 
technology of a semiconductor file storage device using a flash memory as its storage medium. 

[0004] 

Flash memory is nonvolatile memory which can be electrically rewritten, and because capacity increase and cost 
reduction are possible, it is one of the most effective memories as storage media of semiconductor file storage 
devices. The technology in the Pat Open Hei Public Report uses this memory to solve the problems in constructing 
a file storage device and devices for improving the ease of use. For example, it proposes a method of overcoming 
the shortcoming of flash memory in which the elements become degraded by frequent rewriting, a method of 
increasing the speed in a phase called, deleting necessary for rewriting a flash memory, etc. Also, as an interface 
with information equipment which becomes a host, it proposes it to be the same as that for magnetic disk devices, 
directed towards the construction of systems that can replace magnetic disk devices. 

[0005] 

[Problems overcome by the Invention] 

The semiconductor file storage device of prior art technology uses the pre-existing interface bus of the host 
information equipment and places importance on compatibility with magnetic disk devices. Although this makes 
the semiconductor file storage device to be easily accepted by the users, in return for placing importance on 
compatibility with magnetic disk devices, no consideration is made on superiority of semiconductor storage 
elements to magnetic disk devices. 

[0006] 

Namely, although semiconductor storage elements enable very high speed data access because they are static 
recording media unlike magnetic disk devices which pick up data from rotating disks and perform writing, there is 
the problem that the superiority of this high speed access cannot be utilized with the same interface as with magnetic 
storage devices. 

[0007] 

It is an objective of the present invention to construct an interface which achieves high-speed access performance to 
the maximum by making semiconductor storage elements to be its storage media and to provide new auxiliary 
storage devices which improve the access performance, which is a shortcoming of magnetic disk devices. 

[0008] 

[Ftoblem Resolution Means] 

The flash memory file storage device by this invention is characterized by the fact that in a flash memory file 
storage device which is a file storage device storing data through an X-bit data bus and uses flash memory elements 
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whose minimum deleting unit is larger than the X bits and access width is x bits (x = X/p: p is an integer equal to or 
greater than 2), it is equipped with a flash memory device consisting of p sets of flash memory element groups 
accessible simultaneously, dividing means which divide data on the X-bit data bus into at least p parts, a data 
distributing means which has at least a first function to make p pieces of x-bit data obtained by the division 
correspond to one set of the flash memory element groups and a second function to make each of the p pieces of x- 
bit data correspond to another set of the flash memory element groups, and a control means which controls the data 
distribution means so that the first and second functions are switched according to the number of storage capacity 
units for file management of the access target file. 

[0009] 

[Operation] 

In magnetic disk devices used in the current person computers, data access is slower than the memory access of the 
personal computer and does not have to operate in synchronization with the CPU in the personal computer. 
Therefore, the give and take of data of magnetic disk devices are performed on an asynchronous bus. When a 
semiconductor is made to be a storage medium, because it can follow operations of the CPU, it becomes significant 
to make it a synchronous operation. 

[0010] 

However, as a problem in such a case, there is the issue that the CPU processing bus width and the data access bus 
width of one chip of flash memory are different. Although this bus width difference can be solved by using memory 
chips in parallel in cases of DRAMs etc., flash memory has a fixed deleting unit where the minimum deleting unit is 
512 bytes, for example. In this case, if multiple chips are utilized in parallel, the capacity of a deletion unit that is 
deleted at once becomes (512 x the number of parallel chips) bytes. Thus, the deleting target capacity is so large 
that data other than the deleting target are also deleted. 

[0011] 

On the other hand, because personal computer file management currently regards this 512 byte unit as one sector, 
changing this storage capacity unit for file management (also called the file management unit, below) should be 
avoided. Therefore, in accessing one sector which is the file management unit, if attempting to utilize four flash 
memory chips in parallel, the minimum deleting unit becomes larger as a result, and rewriting the sector will require 
deleting four times the capacity of one sector as described earlier. In order to avoid such a situation, if the CPU has 
a 32-bit bus and the flash memory has an 8-bit bus for example, one chip needs to be accessed four times 
sequentially to deal with the 32-bit bus of the CPU 

[0012] 

However, when continuously accessing four sectors or more, there is no problem even if four chips are accessed 
simultaneously in parallel for each four-sector data and 32 bits from the CPU data bus are accessed simultaneously 
with a one-time access. Namely, if 512 bytes in the first sector are written by 32 bits at a time over 16 times, 128 
(16x8) bytes are dispersed to each step. Next, 512 bytes in the second sector are written by 32 bits at a time over 
16 times. In the same way, 512 bytes in the third sector, and further 512 bytes in the fourth sector are written. At 
this point of time, all the capacity of the minimum deleting units of four chips is filled with data. Therefore, there is 
no problem in deleting this four-sector capacity at once when rewriting this file. 

[0013] 

Thus, simultaneous four-step parallel access is repeated for each four sectors of a file. If there are data left which do 
not fill the last four sectors, other measures will become necessary. 

[0014] 
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If there are three sectors left, because 32 bits of the CPU cannot be divided by 3, they are separated into two sectors 
and one sector for handling. 

[0015] 

If there are two sectors left, or the file is two sectors in size in the first place, 32-bit data from the CPU are divided in 
two, and two chips are simultaneously accessed by 16 bits each at a time. The 512 bytes in the first sector are 
written onto two chips by 16 bits at a time over 32 times, where 256 (32 x 8) bytes are dispersed onto each chip. In 
the same way, the 5 1 2 bytes in the second sector are written onto two chips by 1 6 bits at a time over 32 times. 

[0016] 

If there is one sector left, or the file is one sector in size in the first place, 32-bit data from the CPU are divided into 
four, and one chip is accessed by 8 bits at a time. The 512 bytes in the one sector are stored in one sector of the chip 
over 64 times. 

[0017] 

As with the above, changing the method of storing data according to the number of continuously accessed sectors 
contributes to an access speed increase and solves the deletion problem accompanying flash memory. Namely, in 
either storing method, because it is guaranteed that only data of the same file are stored inside the minimum deletion 
area of a chip, the problem accompanying the deletion of flash memory is solved. 

[0018] 

Here, although the flash memory is operated synchronously in this invention, delays occur according to the access 
scheme. For this problem, a wait status can be arbitrarily requested to the CPU by using a CPU having a ready 
signal input. CPUs having a ready signal input are popular today. For example, it is installed in all CPUs having 16 
bit processing or higher by Intel Corp., which are the most popular as CPUs mounted in general-use personal 
computers. Because the CPU halts its processing cycle by negating this ready signal, if reading/writing of access 
data has not been completed, this signal can be just negated, and when the access is complete, the CPU resumes 
execution of the processing by asserting it. Because this is a control which becomes possible only when the file 
storage device is in a synchronous operation with the CPU, inputting synchronized clocks to the both at this time to 
make them operate synchronously is indispensable. By these controls, even when the data width per single 
processing is different between the CPU and the flash memory, it can be easily dealt with by letting the CPU wait 
until the data widths are adjusted. 

[0019] 

It is usually impossible in file management to separate anything dealt with in a continuous sector once. Namely, a 
file system can only access in file units. Therefore, when accessing multiple sectors continuously, if multiple chips 
are accessed simultaneously at the time of writing, using the multiple sectors in parallel, the file data as they were 
written can be obtained at the time of reading through the same parallel access. 

[0020] 

As in the above, according this invention, in an information processing device mounted with file storage devices 
having flash memories as its storage media, synchronous control with the system is performed so that the maximum 
performance can be drawn in it access performance which is highly superior to magnetic disk devices. In such a 
case, the CPU is put in a wait status upon necessity by a ready signal input to the system CPU to adjust the timing. 
Even when the system data bus width and the number of access data bits of one chip are different, it becomes 
possible to access at as high a speed as possible. 

[0021] 
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The effect is especially great in reading/writing of large capacity files whose access speed is easily recognized by 
the user, namely in continuous sector accesses. Also, whereas the system data bus width and the number of the 
access data bits of one chip are different according to the purpose, performance, and age, highly- flexible 
configuration is made possible to deal with various things. Also, it can be applied to methods to access memory 
with interleaves to increase the speed. 

[0022] 

According to the configuration equipped with a chaining information, the access procedure from the system is 
simplified to support a high-speed access. Then, the file management itself can be simplified, and simplification of 
control circuit, control program, etc. can be achieved. 

[0023] 

Also, by being equipped with a data distribution function inside a memory element, reduction of peripheral circuits 
and data processing speed increase can be achieved 

[0024] 

[Embodiments] 

Embodiments of the present invention are explained hereafter, with reference to the drawings. 
[0025] 

First of all, shown in Fig. 1 is a standard personal computer configuration where the flash memory file device of this 
invention is installed. In the figure, 1 is a CPU which in charge of processing 1 data and programs, and its data bus 
width is assumed to be 32 bits. No. 2 is a clock generator which generates a synchronous clock for the whole 
system. No. 3 is a system internal bus containing a data bus, an address bus, memory commands, I/O commands, 
etc. No. 4 is a file control circuit which performs file management and memory control of the flash memory file 
device of this invention. No. 5 is a flash memory array which becomes a storage medium of the flash memory file 
device, where the number of access data bits per chip is 8. no. 6 is a main memory control circuit which 
manages/controls the system main memory, and 7 is DRAM which is the main memory. No. 8 is a peripheral I/O 
bus control circuit, where a display control circuit 9 and a display 10 are connected as one of peripheral I/O devices. 
Listed as other peripheral I/O devices are a communication device 1 1, an external large capacity storage device 12, 
etc. 

[0026] 

Usually, the peripheral I/O bus control circuit contains another clock generation circuit, and these peripheral I/O 
devices operate based on that clock cycle. However, there can be one which is directly connected to the internal 
system bus 3 for speed enhancement and operates in synchronization with the CPU 1. No. 13 is a clock signal 
supplied to each circuit containing the CPU 1 for synchronizing circuits connected to the internal system bus 3. 
Note that it does not need to be entirely the same with the clock supplied to the CPU 1 but can be a divided one 
depending on the circuit as far as it is synchronized. 

[0027] 

No. .14 is a ready control signal input to the CPU 1, where the status indication signals output from individual 
circuits are general-controlled in a ready control circuit 15 and input to the CPU 1. No. 16 is a control circuit of 
input devices for the user of this system to instruct the desired processing and 17 is an input device. In the figure, 
the input device is assumed to be a keyboard, and its control circuit 16 is assumed to be a keyboard controller 
(KBDC). 

[0028] 
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Next, actions of the system in Fig. 1 are explained. During normal operation, the CPU 1 computes/processes 
programs and data stored in the main memory 7 to execute the process that the user instructed through the input 
device 1 7, and displays the result on the display 1 0. Also, if necessary, it starts up the communication device 1 1 and 
stores a large capacity of data to the large capacity external storage device 12. Then, in retrieving or storing files, it 
operates the flash memory file device consisting of the file control circuit 4 and the flash memory 5. When booting 
up the system also, the system program is loaded from here. During these operations, synchronous operations are 
performed by the clock 13 generated by the clock generator 2, and if there occurs a need for a certain circuit to 
request a stand-by to the CPU 1, that circuit request a CPU stand-by to the ready control circuit 15, and it is 
conveyed to the CPU 1 by negating the ready signal 1 4. The CPU 1 will continue to stand by until the ready signal 
14 is asserted again. At this time, the file control circuit 4 can perform a control of increasingfdecreasing the CPU 
stand-by time by the number of files requested to the CPU 1 . This mechanism is explained with reference to Fig. 2. 

[0029] 

Figure 2 is a drawing to explain the internal configuration of the flash memory file device. In the figure, 3, 4, 5, and 
13 are the same as those in Fig. 1, and the following are internal components of the file control circuit 4. No. 21 is a 
register group which performs interfacing with the system bus 3, no. 22 is a status register for reporting the status of 
the file control circuit 4 to the CPU 1 , 23 is a register for setting the starting sector number to access, 24 is a register 
for setting the ending sector number to access, 25 is a command register which instructs the processing requested by 
the CPU 1 as a command code, and 26 is a data register which becomes a window of data give and take with the 
system bus. 27 is a controller which takes a general control of internal controls of the file control circuit 4, which is 
ideally a programmable, intelligent LSI such as a one-chip microcomputer. No. 28 is a control circuit which 
performs control of the flash memory 5 which is a storage medium, 29 is a data control circuit which performs 
control of data to read from or write to the flash memory. No. 30 is a DMA control circuit for performing memory 
access at high speed, and the system clock signal 13 is input to this circuit. No. 31 is a status indication signal 
output to the ready control circuit 15, no. 32 is a local bus inside this flash memory file device, and 33 is a control 
signal and address for accessing the flash memory. 

[0030] 

Next, actions of the flash memory file device in Fig. 2 are explained. When a necessity to access with the flash 
memory file device arises, the CPU 1 performs the access via the system bus 3. hi order to do so, first the content of 
the status register 22 is read out to check whether it is in an accessible status or not. Then, the sector to access next 
is set to the starting sector register 23 and ending sector register 24. Then, it writes the command code (read or 
write) of the requested access to the command register 25. Then, the status register 22 is read again, and if the 
access is possible, data are written to or read from the data register 26. 

[0031] 

At this time, the controller 27 manages these interface registers 21 to respond to requests from the CPU 1 . Namely, 
it reads the starting sector register 23, ending sector register 24, and command register 25, grasps the access content 
of the flash memory 5, write a code indicating the current status to the status register 22, and reports to the CPU 1 . 

[0032] 

Because it is expected that the controller 27 is too slow in its operation speed to perform directly flash memory 
access for responding to the access requests from the CPU 1, the configuration is made so that the DMA control 
circuit 30 performs flash memory access at high speed and performs give and take of data with the system bus 3. 
The controller 27 will perform setting the access content, starting up the DMA, etc. to the DMA control circuit 30 
and the memory control circuit 28 for that purpose. 

[0033] 

The DMA control circuit 30 performs address generation and timing generation for performing the DMA* and the 
memory control circuit 28 generates access signals follow that timing. The flash memory 5 performs give and take 
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of data with the data control circuit by these input signals. The data control circuit 29 perforins data generation 
according to the number of sectors to access. 

[0034] 

For example, in the case of write access of one sector, data sent by one-time access from the system bus 3 are 
adjusted to the number of writing bits of one chip of flash memory. In this embodiment, because the data bus width 
of the system bus 3 is set to 32 bits, 32 bits of data are obtained through a transfer by one access. Then, because the 
data width of one chip of flash memory is set to 8 bits, the sent data are divided into four to write to the flash 
memory 5. Therefore, the processing of dividing 32-bit data into four 8-bit data is performed by the data control 
circuit 29 using a latch circuit. Also, in the case of read access of one sector on the contrary, the flash memory 5 is 
read accessed four times to prepare 32-bit data for one bus transfer. The wait time of the system bus occurring at 
this time is generated by a stand-by request to the CPU 1 by a status indication signal 31 generated by the data 
control circuit 29. 

[0035] 

On the other hand, in the case of access to multiple sectors, the data control circuit 29 adjusts the data to latch for 
increasing the access speed and execute it normally. For example, if it is a continuous read access of four sectors, 
because 32-bit data are completed by simultaneously reading four chips of 8-bit access flash memory 5, the wait 
time of the system bus 3 can be greatly reduced. Note that four-chip simultaneous write access needs to be 
performed at the time of writing to the flash memory 5. Otherwise, the order of data will come to differ and the file 
data will become abnormal. Note that because it is common to perform management with file units in systems 
dealing with file storage devices, it is usual to read-access the same number of sectors with the number of sectors 
when they were written, and if the access schemes according to the number of sectors are made entirely the same 
between writing and reading, there will be no need to record the information. Namely, if it is an access scheme of 
continuous writing of five sectors, the first four sectors are simultaneously written to four chips in parallel, and the 
remaining one sector is divided in four to one chip, adopted in both reading and writing for example, and normal file 
data can always be accessed. Here, to make sure, information on the data storing scheme may be recorded in data in 
sector units stored in the flash memory 5. As its record location, if there exists a redundant area other than the data 
storing area of the flash memory, storing there is appropriate, and if there is no redundant area, a separate storing 
area is installed for recording. 

[0036] 

A continuous access of six sectors is dealt with a parallel access of four sectors and a parallel access of two sectors. 
[0037] 

Next, these access signals and data control method are explained in even more detail with reference to Fig. 3. 
[0038] 

Shown in Fig. 3 is a configuration where the bit width of the system bus is set to 32 bits, and that of the flash 
memory to 8 bits. In the figure, numbers that already appeared before are identical to those explained so far. Newly, 
41 is a counter for generating addresses of the DMA control circuit 30, where the system clock 1 3 and I/O access 
(command) signals or memory access (command) signals of the system bus 3 are input and counting up is performed 
in synchronization with this. No. 42 is a start-up register for DMA control where the local bus 32 of the controller 
27 is connected, and a desired DMA transfer can be started by writing a code to this register. No. 43 is a sector 
register which is connected to the local bus 32, too, and DMA transfer of an arbitrary sector number can be 
performed by writing the sector number to access. In the actual operation, written value of this sector number is 
input to the memory control circuit 28 which is used for generating the upper-order address of the flash memory and 
chip select signal. No. 44 is a timing circuit which generates a timing signal for synchronizing in each control 
circuit at DMA transfer. No. 45 is a memory address generated by the memory control circuit 28 based on values of 
the counter 41 and sector register 43. No. 46 is a memory control signal generated by generation of the memory 
address 45. 51, 52, 53, and 54 are data latches of one byte (8 bits) each, constituting data latches of four bytes (32 
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bits) for data width conversion between 32-bit data and 8-bit data. When data of the system bus 3 are denoted as 
D0-D31, the latch 51 latches D0-D7, the latch 52 D8-D15, the latch 53 D16-D23, and the latch 54 D24-D31, 
respectively. 55 is a latch signal generation circuit for these data latches. 56 is a data control setting register which 
is connected with the local bus 32 and sets data width and data order. In this embodiment, generation of a latch 
signal and its timing are instructed to the latch signal generation circuit 55 by setting one of "1" "2", and "4" to this 
data control setting register 56 as the number of continuous access sectors at read access. Then, latch signals input 
to data latches 51, 52, 53, and 54 are 57, 58, 59, and 60, respectively. For example, if "1 " is set, latch signals 57, 58, 
59, and 60 are output sequentially one by one, and data from one chip of flash memory are accessed four times to 
generate 32-bit data which are output to the system bus 3. Also, if "2" is set, latch signals 57 and 58 are output 
simultaneously and afterwards latch signals 59 and 60 are output simultaneously, which are performed alternately, 
and data from two chips of flash memory are accessed twice each to generate 32-bit data which are output to the 
system bus 3. Also, if "4" is set, latch signals 57, 58, 59, and 60 are output simultaneously, and data from four chips 
of flash memory are accessed only once to generate 32-bit data which are output to the system bus 3. 

[0039] 

On the other hand, during a write access, latch signals are always sent to data latches 51, 52, 53, and 54 
simultaneously to latch 32-bit data from the system at once. No. 61 is a data distribution circuit which distributes 
data stored in data latches 51, 52, 53, and 54 or data from the memory 5. No. 62 is a 32-bit data bus connecting the 
flash memory 5 and the data distribution circuit 61. No. 63 is a read/write signal for determining the data direction 
of the data distribution circuit 61, which should better receive supply from the command register 25 of the interface 
register 21. The data distribution circuit 61 is made as a bidirectional buffer, where one side is connected to data 
latches 51, 52, 53, and 54, and the other side to the flash memory 5. On the flash memory 5 side, the input is in 32 
bits, and all the chips of the flash memory 5 are divided into four groups, which are divided into separate bit groups 
(Bits 0-7), (Bits 8-15), (Bits 16-23), and (Bits 24-31), and input as 32 bits in total. Then, the direction is 
determined by whether it is read or write, and partitioning of each data are determined by the setting content of the 
data control setting register 56. 

[0040] 

Specific explanations are given on this distribution of data using Fig. 12, Fig. 13, and Fig. 14. These figures show 
data distribution examples of the data distribution circuit 61 for different values set to the data control setting 
register 56. Figure 12 shows data distribution when the number of continuous access sectors is 1 , Fig. 1 3 when the 
number of continuous access sectors is 2, and Fig. 14 when the number of continuous access sectors is 4, 
respectively, and there are four kinds of data distributions in each case depending on which of the four memory 
groups to access. Also, read and write are distinguished When the number of continuous access sectors is 1 , four 
system cycles make one access, when the number of continuous access sectors is 2, two system cycles make one 
access, and when the number of continuous access sectors is 4, one system cycle makes one access. 

[0041] 

When the number of continuous access sectors is 1, classification into four kinds is made depending on where in the 
divided memory to access, and when the number of continuous access sectors is 2 or 4, classification into four kinds 
again is made depending on which memory group is set as the starting point Namely, the starting point can be 
adequately determined depending on how the memory is used, and by doing so the bias of used memory groups can 
be prevented. For example, although the data distribution method can be simplified if the memory group 1 is always 
set as the starting point, it is expected that the ratio of usage of the memory group 1 becomes high and there occur 
biases in both the amount of use and the frequency of use. If a bias occurs, one memory group eventually becomes 
unavailable, making is impossible to perform high-speed write access when the number of continuous sectors is 4. 
Therefore, it is made possible to set the starting point in any memory group. 

[0042] 

Note that although in reading when the number of continuous sectors is 1 or % data connection lines in the 
distribution circuit are made separate for each cycle in the figure, because the latch signal is not output to other than 
the target latch, the connection line may be shared instead of separating for each cycle. Namely, in reading of A 
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where the number of continuous sectors is 1 (Fig. 12), whereas the distribution is performed in a sequential cycle 
with latch 1 -memory group 1, latch 2- memory group ljatch 3 - memory group I, and latch 4 -memory group 1, 
connection lines to all the latches may be connected to 1 of the memory group in all cycles. This is because even if 
data lines are connected, there is no influence if no latch signal is output. 

[0043] 

More specifically, referring to Fig. 12 in the write access of one sector for example, one byte connected one of the 
access target flash memory groups among the 32-bit data bus 62 is written to the flash memory with the data latch 
51 at the first time, the data latch 52 at the second time, the data latch 53 at the third time, and the data latch 54 at 
the fourth time, which is repeated from 51 sequentially. In the read access, one cycle of data are distributed to each 
latch by the latch signal. 

[0044] 

In the write access of two sectors, namely, if it is a write with a data width of 2 bytes, from Fig. 13, as 2-byte data 
connected to the corresponding two memory groups among the 32-bit data bus 62, data are received from the data 
latches 51 and 52 at the first access, 53 and 54 at the second access, and distributed alternately afterwards. On the 
other hand, in the read access the order becomes reversed, and data are distributed from the corresponding two 
memory groups to the data latches 51 and 52 in the first access, 53 and 54 in the second access, and this is repeated. 

[0045] 

In the write access of four sectors, namely, if it is a write with a data width of 4 bytes, the buffer direction becomes 
the one from the data latch to the flash memory 5, the 32-bit data bus 62 is connected to the data latches 51, 52, 53, 
and 54 sequentially from its top memory group, and 32-bit access is completed by one-cycle access. In reading, the 
direction becomes the opposite. 

[0046] 

In order to perform the actions, the controller 27 needs to set appropriate values to the registers explained so far 
before starting up the DMA control circuit 30. 

[0047] 

When multiple memory groups are accessed simultaneously in order to increase the speed as described earlier, 
addresses given to the individual memory groups are investigated below referring to Fig 5. 

[0048] 

In Fig. 5, 81-84 indicates memory groups 1-4, respectively. The same figure (1) shows a state where a certain 
amount of file writing has been performed, and the same figure (2) shows a state where a certain file has been 
updated and its file size has increased. The data code (m-n) shown in the figure indicates a file number m and a 
sector number n in each file. For example, (3-2) indicates the second sector of the file number 3. Note that this 
figure shows area (having a capacity of one sector or more) of which memory group is used how as a whole, and in 
actuality, at a continuous access of two sectors or more, instead of content of only a single sector being stored in a 
one-sector capacity area of each memory group, contents of multiple sectors are stored dispersed This point will be 
described in detail later in the explanation of file management. 

[0049] 

In Fig. 5 (1), in the access of file number 1 (all sectors coded as 1-n), in a simultaneous access from 1-1 to 1-4, 
because these are arranged in the same line, same address can be given to these memory groups. However, in file 
number 2, if 2-1 to 2-4 are used for a simultaneous access, the memory group 4 needs to be given a different address 
from other memory groups. This means that the same number of address buses with the number of memories need 
to be installed. Or, there needs to be some way to give different addresses to the memory groups. In order to avoid 



FUSA 006022 



({PAGE }) 



Pat Open Hei 6-266596 



this, an access scheme needs to be taken in accesses of file number 2 that 2-1 is accessed alone, 2-2 and 2-3 are 
simultaneously accessed, and 2-4 is accessed alone again. However, this will generate a waste in increasing the 
speed. Then, an example of configuration for giving different addresses is explained using Fig. 9. 

[0050] 

Figure 9 is an example of configuring an address generation circuit inside the memory control circuit 28 when the 
number of memory groups is set to 4. In the figure, 201-204 are four memory groups constituting the flash memory 
5, where 201 is a first memory group a, 202 is a second memory group b, 203 is a third memory group c, and 204 is 
a fourth memory group d. 205 is a latch circuit b of the high-order address given to the memory group b, 206 is a 
latch circuit c giving to the memory group c, and 207 is a latch circuit d giving to the memory group d 208 is the 
address bus of the memory control circuit 28 (corresponding to 45 in Fig. 3), and 209 is the low-order address of the 
address bus 208. The number of its address bits is set to the number of address bits which corresponds to that for 
accessing the storage capacity of the data deletion minimum unit or the minimum unit for file management of the 
flash memory chip. For example, if the data deletion minimum unit is 512 bytes, it becomes 9 bits. Only when the 
data deletion minimum unit of the flash memory chip is smaller than the minimum unit for file management, it is 
effective to make it the number of address bits which corresponds to the minimum unit for file management. 210 is 
the high-order address of the address bus 208 excluding the low-order address 209. Note that even higher-order 
address which is unnecessary in accessing the memory groups is removed. No. 21 1 is a high-order address stored in 
the address latch b for accessing the memory group b, 212 is a high-order address stored in the address latch c for 
accessing the memory group c, and 213 is a high-order address stored in the address latch d for accessing the 
memory group d. No. 214 is a memory control signal for the memory group a201, 215 is a memory control signal 
for the memory group b202, 216 is a memory control signal for the memory group c203, and 217 is a memory 
control signal for the memory group d204. 

[0051] 

In the configuration of Fig. 9, when accessing the memory group a to the memory group d simultaneously, high- 
order addresses to access these memory groups are written in advance to the address latches 205—207. Then, when 
performing the access, because the low-order address 210 is common to all the memory groups, the address bus 
supplies the address for accessing only the memory group a, and memory groups other than the memory group a are 
accessed through the high-order addresses from the corresponding address latch circuit. Note that access control is 
entrusted to the memory control signals 214-217, and if access is only to the memory group a and the memory 
group b for example, it is arranged so that only the memory control signals 214 and 215 become active. Also, in 
accessing only the memory group d for example, unless the memory control signal 21 is set active, the memory 
group a may be give any address without a problem. By this means, it becomes possible to give different addresses 
to individual memory groups, only if the memory groups are dispersed into 4, data of the same file stored in 
locations at physically different addresses can be accessed simultaneously, enhancing the contribution of speed 
increase. In the configuration of Fig. 9, the address latch of the memory group a can be omitted. Of course, if it is 
effective to install an address latch also for the memory group a, it may be done so. 

[0052] 

According to the above embodiment, the CPU 1 can perform read/write access of a desired sector at high speed by 
performing simple specifications to relatively a small number of registers. Also, the file controller is made as a one- 
chip microcomputer, where fine control can be instructed by software, and data transfer can be performed at high 
speed by loading a DMA transfer control circuit even if the one-chip microcomputer can only perform slower 
operations than the system. However, if the operation speed of the one-chip rnicrocomputer is high enough to 
perform high-speed operations for the system, the DMA control circuit is not necessary, and a configuration where 
all data transfers are performed by the one-chip microcomputer can also be considered. 

[0053] 

Also, although an explanation has been given in this embodiment assuining the data buses are 32 bits for the system 
and 8 bits for the flash memory, also for the CPU 1 of 16-bit operation, CPUs of 64-bit operation, and a flash 
memory of 16-bit I/O, adjustment to other data widths can be easily performed by changing the number of data 
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latches, configuration of the data control setting register, and control programs of controllers. The concrete example 
is shown in Fig. 15. Shown in Fig. 15 are concrete numerical values of hardware configuration in a combination of 
individual bit widths. The horizontal configuration of the figure is the number of data bits of the flash memory, 
where 4 bit, 8 bit, 16 bit, and 32 bit are listed as examples. The vertical configuration shows the system data width, 
where 8 bit for simple information equipment, 16 bit and 32 bit which are the mainstream of the present personal 
computers, and 4 bit and 128 bit for the future personal computers and high-performance computers are listed as 
examples. Also, the data distribution circuit listed as a hardware configuration is, if explained using the data 
distribution circuit 61 of the embodiment, shown in the number of bits of one circle x the number of circles in the 
figure. Connection of each circle can be shown in the same idea with Fig. 12 - Fig. 14. While the number of 
latches is increase or decrease of the number of latches 51—54 in the embodiment, if the number of memory data bits 
is larger than the system data width, the latch location will be configured in the data distribution circuit memory side. 
The number of memory groups indicates the number of divisions of the memory which is divided in four in the 
embodiment. 

[0054] 

Note that the number of distribution of the data distribution circuit, the number of latches, and the number of 
memory groups are lower limit numbers including this embodiment, and if there is some room in the circuit scale, 
the number of terminals, etc., increasing them will make a more effective system configuration. That is because 
increasing the number of memory groups gives more room in selecting memory for storing data, which can prevent 
biases of memory usage and frequency of use. Also, because the number of memories to access in parallel can be 
increased, speed increase can be further progressed. Especially, when the system data width and the number of 
memory data bits are equal to each other or the number of memory data bits is larger, although there is no effect of 
adjusting the data bus widths at all as described in the embodiment, multiple memory chips can be simultaneously 
accessed and speed increase by the so-called interleave method can be realized. In this case, at the same time with 
increasing the number of memory groups, the number of memory data distributions in the data distribution circuit 
and the number of latches need to be increased. 

[0055] 

Note that although explained in this embodiment is that the flash memory can follow data transfer from the system, 
to dp so it is preferable that a write buffer be installed inside the flash memory. If it is a flash memory which can 
perform writing at high speed in the future, this kind of write buffer will become unnecessary. If no write buffer is 
contained in the flash memory, a write buffer can be installed between the flash memory and the data control circuit. 
Then, at each write access, writing is performed not directly to the flash memory but first to the write buffer, and 
after data transfer from the system is complete, writing is performed from the write buffer to the flash memory. The 
configuration diagram of an embodiment of this case is shown in Fig. 4. 

[0056] 

In Fig. 4, numbers which already appeared before are the same with those explained so far. As new ones, 71 is a 
data selector which switches connection with the data distribution circuit 61 depending on whether the access is read 
or write, 72 is a write buffer of 32-bit width which temporarily stores write data, and 73 is a read/write signal for 
switching the data selector 71 , where a part of data of the command register 25 is better to be input If the access is 
write, the data distribution circuit 61 is connected with the write buffer, write data are stored in the write buffer, and 
the controller performs writing to the flash after data transfer from the system. If it is read, the data distribution 
circuit 61 is connected directly to the flash memory, and the same operation with the read access in Fig. 3 describe 
above is executed. By making it the configuration, even using a flash memory which does not contain a write buffer 
and has a slow writing, high-speed accesses become possible, seen from the system. 

[0057] 

Next, an embodiment of file management is explained with Fig. 5 as an example. Although embodiments of 
hardware have been explained so far, how to store actually to the flash memory is described below. This operation 
is basically performed by the system CPU, system program, and the controller of the flash memory files, where the 
central issue is operation by software. Li the explanation using Fig. 5, instead of the content of the software itself, 
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shown is how unit capacity area (for one sector) of each memory group of the flash memory as the whole is assigned 
to a sector of a file as a result of the operation. For each sector of a file, unit capacity area is, secured in sequential 
memory groups. For continuous sectors of four or more, one unit capacity area of sequential memory groups 1-4 
are assigned to the four sectors (1-1-1 -4 in the figure for example). Note that data in each sector are actually stored 
dispersed in four unit capacity areas. To two sectors (1-5-1-6 in the figure for example), unit capacity areas of two 
memory groups are assigned. In this case also, data in each sector are stored dispersed in two unit capacity areas. 
Assigned to the last sector 1 -7 of file 1 is a unit capacity area of a single memory group. 

[0058] 

Here, an even more detailed explanation is given on dispersed storing of two sectors and four sectors using Fig. 10 
and Fig 11. Shown in Fig. 10 is an example of 4-byte simultaneous write, and Fig. 11 is an example of 2-byte 
simultaneous write. In the same ways as the above, it is assumed that the host system bus is 32 bits, and that the 
memory access width of one memory group is 8 bits. 

[0059] 

Shown in Fig. 1 0 is an example of 4-sector simultaneous write to the memory groups a~d. Li the figure, indicated 
with 21 1 is data from the system bus, which are sent with 32 bits (4 bytes) as a unit. Indicated with 222-225 are 
sequential numbers of 8-bit (1-byte) unit data, 222 is the first byte data, 223 is the second byte data, 224 is the third 
byte data, and 225 is the fourth byte data. Following them, data up to the 2048th byte are continuously sent as those 
for 4 sectors. Actually, because of the 32-bit bus, from the first byte to the fourth byte are simultaneously received, 
and the following are the same. Nos. 51-54 are data latches for temporary storage of data shown in Fig. 3. 

[0060] 

Because of being simultaneously written 4 bytes at a time, after storing 32 bits, namely 4 bytes, simultaneously to 
the data latches 51-54, each byte is dispersed to the memory groups a-d and is written one byte each. For the next 
32-bit data, each byte is written to the following parts of the memory groups a-d. In this way, when 512 bytes 
corresponding to 1 sector are written, subsequently data for the second sector are written by 4 bytes at a time to the 
following parts of the memory groups a-d in the same way. Although Fig 5 is shown for convenience as if each 
sector is assigned to a specific memory group, as in the above explanation, actually data in each sector are not stored 
only in a specific memory group but written dispersed to the memory groups a-d. Note that it is true that data of the 
whole 4 sectors are stored in an area of 4-sector capacity in the memory groups a~d. 

[0061] 

Shown in Fig 1 1 is an example of 2-byte simultaneous write to the memory group a and the memory group b. 
[0062] 

Because of being a simultaneously written 2 bytes at a time, after storing 32 bits, namely 4 bytes, simultaneously to 
the data latches 51-54, these are divided in two by 2 bytes each, the first half 2 bytes are first written to the memory 
group a and the memory group b by 1 byte each, next the latter half 2 bytes are written to the memory group a and 
the memory group b by 1 byte each. In this way, when 512 bytes corresponding to 1 sector are written, 
subsequently data for the second sector are written from the first byte to the following parts of the memory groups a 
and b in the same way. In this case also, the first sector is not stored only to a specific memory group but written 
dispersed to the memory groups a and b, and in the same way, the second sector is written dispersed to the memory 
groups a and b following the first sector. 

[0063] 

Although writing to a single sector is not shown, individual byte data of the data latches 51-54 are simultaneously 
stored to a certain memory group sequentially in this case. Only in this case, data of one sector are stored to a 
specific memory group without being dispersed. 
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[0064] 

As can be seen from the above, the important thing is that there is no data mixed from different files in the area of 
the minimum deletion unit (512 bytes corresponding to one-sector capacity here) of a flash memory element as a 
result of the above operations. By this guarantee, it becomes possible to achieve high-speed file data storing by 
writing multiple bytes simultaneously in parallel as effectively utilizing the storage area of memory when rewriting 
a file without deleting data of other files. 

[0065] 

As stated above, Fig. 5 (1) shows a state where a certain degree of file writing has been performed, Fig. 5 (2) a state 
where a certain file has been updated and the file size has increased afterwards. In Fig. 5 (1 ), storing is performed so 
that different memories are assigned in the order of file numbers to be stored and the order of sector numbers. In 
principle, they are packed to leave no space so that there will be no waste in terms of management 

[0066] 

As shown in Fig. 5 (1), if file sectors are stored in memory groups by packing sequentially and continuously so that 
no vacant space occurs, when a file size has increased by updating the file, there occurs cases as shown in Fig. 5 (2) 
where continuous storing in terms of physical storage location is impossible. Even in such a case, storing is 
performed so that the order of memory groups becomes continuous. Namely, if the file number 4 is taken as an 
example, while five sectors from 4-1 to 4-5 are stored in (1), if two sectors are added in (2), because 4-1 is started 
from the memory group 3, areas in the memory groups 2 and 3 are secured for the increased portion of 4-6 and 4-7. 
When writing a file whose number of sectors is increased, 4-5 and 4-6 are treated as 2-sector continuous sectors at 
this time, and 4-7 is treated as a single sector. Namely, added sectors also receives a treatment as continuous sectors 
together with already-stored sectors. In order to perform smoothly these storing and reading out in file management, 
it is believed to be more appropriate as a hardware configuration that specification of access sectors from the system 
should be the starting sector and the number of sectors and grasping the physical storage locations should be 
performed inside the file system. Namely, whereas specifying access files from the system should be simplified as 
much as possible for the speed increase, if physical locations are scattered, specifying the physical locations 
becomes complicated Therefore, the ending sector 24 shown in Fig. 2 should be removed in this sense. Then, by 
storing information indicating file chaining in an redundant area of the memory to store information other than data 
if it exists, or in another storage means if it does not exist, because if the file starting number is specified, all the 
physical locations of sector numbers following it become clear by chaining, a continuous access becomes possible. 

[0067] 

Shown in Fig. 6 is an example of chaining information. In the figure, 85 is file data stored in memory, which are 
data of file number 4 and sector number 5. 85 is the data of file number 4 and sector number 6 that follow them. 
And 87 is data of file number 4 and sector number 7 that further follow them. Note that although these data are 
arranged in the order of the sector numbers, they may be mixed in the actual storage state. Namely, data may be 
stored scrambled by accessing multiple chips simultaneously through a continuous sector access. HoweveT, because 
numbering of data storage by byte is necessary even in such a case, sector numbers are very important 88 is a 
physical address indicating the physical location on memory where the file data 85 are stored, where the number "3" 
on the left side is the memory group number, the number "5" on the right side is the address in that memory group. 
89 and 90 are physical addresses of the file data 86 and the file data 87 in the same way. 91 is chaining information 
indicating the physical address where the next sector of the file data 85 are stored, and because the file data 85 are 
data of file number 4 and sector number 5, the chaining information 91 indicates the physical address where data of 
file number 4 and sector number 6 are stored. The number on the left side is the memory group number, and the one 
on the right side is the address in the memory group. In the same way, chaining information 92 indicates the 
physical address where data of file number 4 and sector number 7 are stored, and chaining information 93 indicates 
a case where the next sector does not exist. Namely, it can be told that the file of file number 4 ends with 7 sectors. 
If this chaining information is attached with file data, the system CPU does not have to grasp the physical location 
of file storage but can take a scheme of simply accessing the file itself Then, by the controller of file control 
performing physical accessing of memory as referring to the chaining information, even with a file whose physical 
storage locations are not continuous but scattered, a continuous access becomes possible. . In that case, a 
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configuration to input different addresses for simultaneous access of different memory groups is necessary. Note 
that as stated earlier in Fig. 9, low-order address for the one-sector access can be shared, necessity is only for the 
high-order address for more than that. According to embodiments using chaining information above, access 
specification from the system can be simplified to enable the execution with smaller amount of information. 

[0068] 

Next, an explanation is given on an embodiment of embedding various kinds of functions in a memory element 
itself. 

[0069] 

Figure 7 is a configuration diagram of a memory element where multiple memory chips are contained in a package 
and an additional circuit is installed. In the figure, 101 is a memory package, 102-105 are memory chips having the 
same function, 106-109 are input/output data terminals of the memory package 101, each of which can perform data 
input/output of one memory chip. For example, if the memory chip 102 has 8-bit data input/output, 106-109 come 
to have 8 bits x 4 = 32 bits of data input/output terminals in total. No. 1 10 is a signal input terminal which specifies 
the path to connect these memory chips with input/output terminals, 111 is a specification signal, and 112 is a 
connection path setting circuit. A user of this memory 101 executes an access after setting 109 with the signal input 
terminal 110 from the data input/output terminal 106. It is considered as an example that this setting is selected 
from connection paths such as those in Fig. 12, Fig. 13, and Fig. 14 stated earlier. In the memory 101, set data 
connection is sent as the specification signal 111 to the connection path setting circuit 1 12, the connection setting 
circuit 112 connects the memory chips 102-105 with the data input/output terminals 106-109 according to the 
setting, and realizes connection of data in the memory chip with the desired data bus. 

[0070] 

Figure 8 is a configuration example of a memory element which performs setting of data connection from a user by 
a command input In the figure, 1 13 is a command control circuit which creates the specification signal 1 1 1 from a 
register of the command set value and its set value. 1 14 is a data line where the user set the command set value 
using a part of the data input/output terminal. Others are the same as those with the same numbers in Fig. 7. A user 
selects a data connection path with Fig. 12, Fig. 13, and Fig. 14 as an example, sets as a command code from a part 
of data bus 114 to the command control circuit 113, and sends the specification signal 1 1 1 which corresponds to the 
connection path setting circuit 112 from the command code set in the command control circuit 1 13. Below is the 
same as the explanation of Fig. 7. According to this embodiment by Fig. 7 and Fig. 8, another embodiment 
explained so far can be realized as a memory element, and there is an efficacy that reduction of peripheral circuits 
can be achieved. Note that although in this embodiment multiple chips and control circuits are to be loaded in a 
memory package, by uniting these into one chip, miniaturization and speed increase can be promoted. 

[0071] 

[Efficacy of the Invention] 

According to the present invention, it becomes possible in a flash memory device to achieve high-speed file data 
storing by writing multiple bytes simultaneously in parallel as effectively utilizing the storage area of the memory 
when rewriting a file without deleting the data of other files. 
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[BrieFExplanation of the Drawings] 

[Fig. 1] A block diagram showing a system configuration which realizes this invention. 

[Fig. 2] A block diagram showing the configuration of an embodiment of the flash memory file device. 

[Fig. 3] A block diagram of the main section for explaining actions of the embodiment. 

[Fig. 4] An explanatory drawing showing data control when a slow- writing flash memory chip is used in the 
embodiment 

[Fig. 5] An explanatory drawing of an execution example of storing files to the memory in the embodiment. 

[Fig. 6] An explanatory drawing of an execution example of storing chaining information in another embodiment of 
this invention. 

[Fig. 7] An explanatory drawing of a memory configuration example where the data distribution function by the 
signal terminal input specification is installed in the memory element. 

[Fig. 8] An explanatory drawing of a memory configuration example where the data distribution function by the 
command setting input specification is installed in the memory element. 

j 

[Fig. 9] An explanatory drawing of address connection of the memory groups in the embodiment. 

[Fig. 10] An explanatory drawing of actions at 4-byte simultaneous write in the embodiment. 

[Fig. 1 1] An explanatory drawing of actions at 2-byte simultaneous write in the embodiment, (system bus 32 bit,) 

[Fig. 12] An explanatory drawing of data distribution at memory 1-chip simultaneous access in the embodiment 

[Fig. 13] An explanatory drawing of data distribution at memory 2-chip simultaneous access in the embodiment 

. [Fig. 14] An explanatory drawing of data distribution at memory 4-chip simultaneous access in the embodiment 

[Fig. 15] An explanatory drawing of hardware configurations in various configurations of the system bus and the 
memory data bus. 

[Explanations of the Codes] 

1: CPU, 2: Clock generation circuit, 3: System bus, 4: File control circuit, 5: Flash memory, 6: Main memory 
control circuit, 7: Main memory, 8: External I/O control circuit, 9: Display control circuit, 1 1 : Communication 
circuit, 12: Large capacity external storage device, 13: System clock, 15: Ready control circuit, 16: KBDC, 21: 1/F 
register, 22: Status register, 23: Starting sector register, 24: Ending sector register, 25: Command register, 26: Data 
register, 27: Controller, 28: Memory control circuit, 29: Data control circuit, 30: DMA control circuit, 31: Status 
indication signal, 32: Local bus, 41 : Counter, 42: Startup register, 43: Sector register, 44: Timing control circuit, 45: 
Address, 46: Control, 51: Latch circuit, 52: Latch circuit, 53: Latch circuit, 54: Latch circuit, 55: Latch circuit 
generation circuit, 56: Data control setting register, 61: Data distribution circuit, 63: Read/write signal, 71: Data 
switching circuit, 72: Write buffer, 73: R/W signal, 85: Data (4-5), 86: Data (4-6), 87: Data (4-7), 91: Chaining 
information, 101: Memory package, 110: Specification signal input terminal, 112: Connection path setting circuit, 
113: Command control circuit, 201: Memory group a, 202: Memory group b, 203: Memory group c, 204: Memory 
group d, 205: Address latch b, 206: Address latch c, 207: Address latch d, 208: Address bus, 209: Low-order address, 
210: High-order address, 21 4—2 1 7 : Memory control signal s. 
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